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THE CMG8 


The CMG 8 is a typical example of the OSRAM range of emission- 
type photocells which constitute the essential means of converting 
light changes into electric current. Widely used in sound 
projectors and industrial apparatus they are non-microphonic 
and of convenient size. Outstanding features include :— 





Linear response for sound reproduction giving undistorted output. 


High sensitivity to artificial light. 


A detailed technical data sheet is ilable on r 


Osram &6.C Osram 


PHOTO CELLS VALVES 





















CATHODE RAY TUBES 





Advt. of The General Electric Co., Ltd., Magnet- House, Kingsway, London, W C.2. - 
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METALLISED CERAMICS DETROIT 


Two new S.P. metallised bushes— 
one at either end of 
the range 


STEATITE & PORCELAIN PRODUCTS LTD. ® 


STOURPORT-ON-SEVERN, WORCS. Telephone: Stourport Ill. Telegrams: Steatain, Stourport. 


SP.42 
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DECADE SWITCH 


A Precision Component Embodying 
All The Best Design Features 


Very low contact resistance. 

Positive location. Sturdy action. 
Twelve positions—providing two extra contacts 
—30° angular spacing simplifies dial calibration. 
Two types available—416A (Shorting) and 416B 
(Non-Shorting). 

Can also be supplied in ganged units of two or more switches 

PRICES ON APPLICATION 


SALFORD ELECTRICAL 


VWF OoR 
bed ae oan / 6 /rnes / 


Crams ¥ the Sp ark/ess 


Proprietors: THE GENERAL ELECTRIC CO. LTD. England 
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Power & Audio Frequency Transformers 


POWER 
TRANSFORMERS 
5VA to SKVA 
Audio Transformers 
up to 1500 watts 
EITHER 

@ Open construction in a 
variety of mountings, 
windings vacuum pres- 
sure impregnated and 
varnished sealed. 

@ Canned and bitumen or 
wax filled. 

@ Hermetically sealed, oil 
filled, with pressure 
compensation. 

Application : Microphone, driver, 
anode to line, line to line, etc. 


















SPECIAL FEATURES 
@ Direct fixing to Trans- 
former structure — no 
strain on container to 
cause distortion or leaks. 
@ No unsightly fixing lugs 
external to container. 
@ Male or female threads 
for upright or inverted 
mounting at will. 


AUDIO TRANSFORMERS—SINGLE, “_~ » TRI-ALLOY SHIELDED, 
GIVING NOISE SUPPRESSION U DB RELATIVE TO 
CONVENTIONAL OPEN. ASSEMBLIES. 


Associated Electronic Engineers, Ltd. 


Dalston Gardens, Stanmore, Middlesex. 
Tel.: WORDSWORTH 4474/5/6 








ACTUAL SIZE 


























Bae\V 4. 


MIDGET RECEIVERS THE SCIENTIFIC 








HEARING AIDS 
METEOROLOGICAL VALVE 
INSTRUMENTS BRITISH ———— MADE 
weed = 


Greenhill Crescent. Ahare HARROW » 
Harrow onthe Hill.Middx. 0895 


HIVAC LIMITE 
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May solve yourINSULATION PROBLEMS 
with the following HIGH DIELECTRIC STRENGTH @® NON-ABSORBTIVE LOW- 
” UNIQUE LOSS FACTOR @ METAL INSERTS IF REQUIRED @ HEAT 
Cc RESISTING @ MANUFACTURED TO CLOSE TOLERANCES @ 
OMBINATION NON-TRACKING @ RESISTANT TO FUNGUS GROWTH @ 
OF WILL NOT SHRINK OR WARP @ LOW EXPANSION 
PROPERTIES CO-EFFICIENT 
MACHINED OR MOULDED TO CUSTOMER’S REQUIREMENTS OR AVAILABLE IN 
SHEETS AND RODS. 
Also makers of INGRAM-MYCALEX Capacitors utilising MYCALEX as a dielectric with 
plates moulded in, to form a sealed unit. 
Phone CIRENCESTER 400 or SEND ENQUIRIES TO 
ASHCROFT ROAD, CIRENCESTER, GLOS. 
, 





ELECTRONIC 
CONTROL 





HIGH ACCURACY 


DESISTANCE THERMOMETER 
CONTROLLER ‘ists? 


test specimens, the SUNVIC 
RESISTANCE THERMO- 
METER CONTROLLER is 


This is a purely electronic 
7 controller giving an output 
proportional to the deviation 
of the teraperature from the 
desired value. It operates 
up to 800° C. with a platinum 
resistance - thermometer. 
Sensitivity one part in 5000. 
Primarily developed to con- 
trol the temperature of creep 








suitable for high accuracy SUN VIC 
work within the range cov CONTROLS 
ered by platinum and nickel LTD 
resistance thermometers. 

For details, please request Stanhope House, 
technical publication Kean Street, 

RT 10/ 16. London, W.C.2. 


9 TL LT MED ANE A AARON EN 
—_ ; TAS/SC 117 
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BAKELITE LAMINATED ~— 


—solves low-loss insulation problem 
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The remarkable combination of qualities embodied in BAKELITE Lamin- 


ated has solved many design and production problems in all branches of industry. It is Tk 

a particularly valuable material for applications demanding electrical insulation plus | 

mechanical strength. BAKELITE Laminated has excellent electrical properties but it also + 

resists heat, has exceptional lightness and mechanical strength and can be readily | 

machined. That is why it is the best material for many difficult insulation problems " 
mm “ 


BAKELITE PLASTICS Co 


REGD. TRADE MARKS 


Essential Materials for Essential Work 


BAKELITE LIMITED : 18 GROSVENOR GARDENS : LONDON. S.W.1I * 
. ‘91 
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FREQUENCY-COMPENSATED 


A.C, 


voltage stabiliser 





The type “B” dual-purpose 


* STABILISTOR ” 


This is a special FREQUENCY AND VOLTAGE-COMPENSATED A.C. Voltage 
Stabiliser providing two different outputs, which are available alternatively, 
but not simultaneously. 
OUTPUT is FREQUENCY AND VOLTAGE-COMPENSATED at the 
No. | exact resistive load stated. Any desired output voltage can be 
provided, and this must be specified when ordering. The output 


is isolated from the input by means of a double-wound transformer, and the ~ 


output waveform is sinusoidal. 
OUTPUT is VOLTAGE AND LOAD-COMPENSATED. The output 
No. 2 voltage is 230 volts and any fixed or variable load from zero up 
to the rated load may be supplied. 


WESTINGHOUSE BRAKE & SIGNAL Co. Ltd. 
82, YORK WAY, KINGS CROSS, LONDON, N.1. 











ARE SPECIFIED IN 


Decca Navigator 
TRANSMITTER & RECEIVER INSTALLATIONS 





TELCON R.F. CABLES have been used for land, sea and 
air installations of DECCA Navigator Equipment. The range 
of Telcon Cables available has successfully met all Decca 
requirements which have ranged from trunk feeders for 
eanae sates control circuits to flexible cables TEXEON 
for receivers, For unfailing service under all 

conditions you can confidently specify R.F. 

Cables by Telcon. Full details on request. 

Founded | 364 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD 


Founded | 


dead Office 22 OLD BROAD STREET, LONDO 


iaat N WORKS. GREENWICH, SE 
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Experimental Science | 


Usiriy this title the Institute 


of Physics have just issued an 
attractive booklet which -out- 
lines the proposed scheme of National 
Certificates in Applied Physics. The 
key to the scheme can be found in 
the introductory words: “ Nearly 
every research department in indus- 
try and in Government establish- 
ments employs fully qualified 
professional physicists and each 
professional physicist needs two or 
three assistants who will require a 
knowledge of the fundamentals of 
physics and some skill in experi- 
mental technique. . . . Not only is 
’ there a very satisfactory career for 
a boy or girl here, but the brighter 
ones may proceed to full professional 
status without the necessity of a 
University degree.” 


These special Certificates corres- 
pond to the Ordinary and Higher 
Certificates of the school curriculum 
and, in fact, the prospective student 
should have completed a full-time or 
part-time educational course up to 
the age of 16. 

The holders of the Certificates in 
the higher grade will be exempt 
from the academic requirements of 
the Institute of Physics membership, 


provided that they do well in the 
examination. This means that they 
will duly qualify for A.Inst.P. after 
their term of approved experience. 


The holder of an Ordinary Certifi- 
cate in Applied Physics can expect 
to start his job at 18 with a salary of 
£150-£200 p.a. rising ultimately to 
£600-£700, having passed _ the 
Higher Certificate. 


This is the only part of the 





ELECTRONIC ENGINEERING 
MONOGRAPHS 


The fourth Monograph in the series is 
now ready under the title : 


The Gas-filled Triode 
and its Applications 


By 
G. WINDRED, A.M.1.E.E. 


This subject is of interest to all 
industrial firms who have installed 
electronic apparatus and to those 
concerned in its operation and 
maintenance. 


Copies can be obtained from Technical 
Booksellers, price 2s. 6d., or direct from 
the Circulation Dept., Hulton Press, 43 
Shoe Lane, E.C.4. Price 2s. 8d. post free. 











booklet which invites comment. 
In these days of inflated values there 
are many youths of 18 who are 
pulling in more than £3 a week, and 
they prefer to have substance rather 
than status. But this can easily be 
adjusted by the employer requiring 
the Certificate as a condition of 
employment, and any boy who 
really wants to make his way in 
scientific work would be willing to 
forego a little money at the start. 


This scheme is not intended as a 
short cut to qualification by students 
who are attracted to some branches 
of research and who think that a 
smattering of physics will serve their 
purpose. No one will go far who is 
not well grounded in the funda- 
mentals, and this proposal of _the 
Institute will certainly help those 
who cannot go in for a full academic 
career. 


Further particulars can ~ be 
obtained from the Heads of Tech- 
nical Colleges, or from the Institute 
itself.* It is hoped that this ex- 
cellent scheme will help to answer 
the question of what to do with our 
boys (or girls). 





* 47, Belgrave Square, S.W.1 
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Telephone Relays — 





REFERENCE 
- P.O. type 3000 relay. 


. P.O. type 600 relay. 
. * H”’ type relay (G.E.C.) 


. Two-position relay (G.E.C.) 
. Adjustable relay (Siemens) 
. Thermal relay (Siemens) 
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Electronic Engineefing 


and their use in Electronic Circuits 
By A. A. CHUBB, A.M.I.E.E.* 


ITH the increasing use of 
VV electronic control gear in 

industry, there is a grow- 
ing tendency to follow electronic 
apparatus such as photo-cells, sensi- 
tive amplifiers, and the like, with 
control circuits of some complexity, 
needing relays of predictable charac- 
teristics and long working life. 
Relays of this kind have been known 
in the telephone industry for many 
years where they are used in conjunc- 
tion with step-by-step or rotary 
switches to effect connexions between 
one subscriber and another with a 
degree of certainty which is actually 
much higher than is supposed to be 
thought by the subscriber. These 
relays are eminently suitable for in- 
corporation in valve circuits, both as 
links between these circuits and sub- 
sequent contro] apparatus and also to 
bring sections of valve gear into or 
out of use, or to modify its action. 
The aim of this article is both to 
describe certain standard forms of 
telephone type relays and explain 
their characteristics and also to show 
how such relays can be employed to 
fulfil some commonly occurring 
requirements in the electronic field. 


P.O. 3000 Relay 

Possibly the best known form of 
relay is that shown in Fig, 1. This 
is the ‘‘ major’ or P.O. 3000 type. 
It consists of a yoke having a knife 
edge at one end on which an arma- 
ture pivots, the armature being held 
in position by a spring-loaded washer 
on the armature retaining screw. The 
magnetic circuit is completed by the 
core of the operating coil, all the 
magnetic materials having as low a 
retentivity as possible. Since the 
magnetic circuit is not laminated, it 
is not suitable for operation by alter- 
nating current, though a relay can be 
used as an impedance in a circuit 
carrying currents of speech frequency, 
In such a situation its impedance to 
800 c/s. is roughly ten times its D.C. 
ohmic resistance. 

The armature movement or travel 
is limited in an unoperated position 
by a stud which co-operates with the 
yoke, and in an operated position by 
a fixed residual or adjustable resi- 
dual screw which prevents the arma- 


* The General Electric Co. Ltd., Coventry Works. 
B 





ture from touching the pole face. 
This ensures that an airgap of not less 
than 0.004 in. always exists in the 
magnetic circuit, and the demagnetis- 
ing effect of this gap provides a reli- 
able release on disconnexion of the 
operating current. 

The function of the relay is to open 
or close contacts when the armature 
is moved. The contacts are of four 
kinds; make, break, change-over and 
make-before-break, abbreviated as 
‘m,’ ‘b,’ ‘c’ and ‘k’ respectively. 
Almost any combination of contacts 
from one make to six change-overs 
can be carried by one major relay, the 
contact springs being arranged on 
each side of a central stepped insulat- 
ing block on which some of them rest 
when the relay armature is in either 
extreme position, An upper limit of 
18 springs is set by the construction 
of the relay. 


Contacts 

To ensure a_ low-resistance path 
between contact springs each of the 
latter is tipped with two contact 
points, and the springs are given a 
‘‘ set’? or pressure by bending during 
manufacture, so that on a normal 
relay, made contacts have a pressure 
of 16-20 grams between them. The 
contact points themselves are of pure 
silver for currents up to 0.3 ampere, 
and of platinum for currents beyond 
this value, up to 1 ampere, in circuits 
not exceeding 100 volts, Platinum is 
also employed for extremely long life 
when carrying smaller currents than 
0.3 ampere. The doubling of the con- 
tact points, which are mounted on the 
split ends of the springs, decreases 
the high resistance fault incidence 
due to dirt, by about 11 times as com- 
pared with single-ended contact 
springs, 

Faults due to the accretion of dirt 
on contacts are most likely to inter- 
fere with the operation of relay cir- 
cuits. The effects of such dirt are 
kept at a minimum by the features of 
design mentioned above, and also by 
the circuit conditions of use. If silver 
is employed, the contacts should 
carry a current of at least a few milli- 
amperes when closed, and break this 
current on operation so that the 
slight resulting spark blows any 
particles of dirt away from the con- 


tacts. In addition, although silver 
does tarnish in industrial atmospheres 
containing sulphur, the resulting coat- 
ing of silver sulphide formed is not 
only a partial conductor but is of a 
soft and flaky nature and is easily 
displaced during use. 

While platinum does not form a 
non-conducting oxide or sulphide on 
its surface during operation, it is 
much more expensive than silver and 
hence its use is confined to circuits 
carrying appreciable currents or 
having components of high induc- 
tance. In the latter case, e.g., if the 
contact is operating a step-by-step 
switch magnet, it is advisable to fit 
a spark quench device consisting of a 
1 #F capacitor, in series with a 100- 
ohm non-inductive resistance, this 
combination being connected in 
parallel with the magnet coil. This 
greatly reduces sparking, and pro- 
longs the life of the contact. 

As regards insulation, the major 
relay of standard finish has a 500 V 
A.C, test applied between springs and 
yoke and between coil and core. 
Certain forms of springset are also 
available which are designed to with- 
stand 1,000 V A.c. test pressure. 
From I.E.E. regulations it will be 
seen that standard springsets are 
devised for incorporation in circuits 
working on a 50 V supply (the 
maximum normally used in telephone 
exchanges), and the special spring- 
sets enable mains potentials up to 
250 V to be switched. Higher 
potentials can be dealt with by a 
different form of relay to be described 
later, 


Sensitivity 


Major type relays are the most 
sensitive of the multi-contact type of 
telephone relay. Table 1 overleaf 
shows sensitivity figures for a relay 
of this type fitted with the contact 
spring combinations shown. The 
figures are given in terms of power 
so that the current necessary to 
operate a given springset combina- 
tion can be derived from the coil 
resistance, 

It will be seen that the operating 
power of a relay does not exactly 
correspond with the relation w = kn, 
where & is-a constant and m is the 
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number of springsets. Nor is it 
possible to add the powers for several 
springsets arithmetically to arrive at 
an exact operating figure for the com- 
bination. However, it is possible to 
make interpolations from the table 
which give an approximate value for 
any required relay, 

The points of design which prevent 
the actual relay from following an 
exact operating (power/no, of springs) 
law are that friction occurs at the 
point at which the armature lifts the 
spring operating stud, and ate th« 
point where one operating stud 
operates the spring next above it; in 
addition, since the contacts in operat- 
ing move in approximate arcs which 
are centred at different points, fric- 
tion and sliding also occurs at the 
junctions of the contact points them- 
selves. These frictions oppose opera- 
tion of the relay, though their effect is 
not very noticeable compared with the 
power required to bend the contact 
springs. Lastly, test acceptance 
tolerances have to be such as to cover 
all the relays of one type which are 
correctly made, though’ mechanical 
tolerances may cause considerable 
variation in electrical performance 
between similar relays of a batch. 


P.O. 600 “‘ Minor” Relay. 


The ‘‘ minor ’”’ or P.600 type relay 
(Fig. 2) is a smaller version of the 
multi-contact relay. Whereas the 
major relay is 4 in, long, 2 1/16 in. 
high, and mounts on 1 3/16 in. 
centres, the minor relay is 3} in. 
long, 14 in. high and mounts on 
% in. centres. As the copper space 
on the coil and the cross-section of 
the iron of the core are both smaller, 
the sensitivity of the minor relay is 
approximately 4o per cent, lower than 
the equivalent major relay. In addi- 
tion, it is limited to six springs on 
each side of the central block, and as 
its manufacturing tolerances have 
more influence on its operation 
because of its reduced size, the varia- 
tion in operating figures among 
similar relays of a batch is greater. 
It can, however, be readily employed 
for straightforward switching opera- 
tions in such apparatus as portable 
radio sets, and as both it and the 
major relay are mounted by screws at 
the end-of the yoke, they can be in- 
corporated on a chassis among valve 
apparatus where mounting space is 
limited. The mounting position is 
preferably such as to make the planes 
of the contact springs vertical. This 
enables dust to drop clear of the 
contacts, 
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TABLE i 
Operating power for 3000 type relay, 
milliwatts. 









































Springset Residual 
Combina- 
tion 4 mils 12 mils 20 mils 
Im —_ 22 36 
2m 30 43 64 
3m 43 64 100 
4m 56 8! 144 
6m 8! 144 225 
Ic _ 36 49 
2¢ 43 72 100 
4c 90 144 196 
Ib - 36 49 
2b 43 64 90 
4b 8i 144 196 
Ik — 25 AL 
2k 31 49 81 
4k 64 100 169 
Note:— Coil resistance can be 
0.3-20,000 ohms. 
TABLE 2 
Preferred coil resistances, ohms. 
Major Relay Minor Relay 
Single Two Single Two 
Winding | Windings| Winding | Windings 
1 50/50 I 
100 (6v) 200/200 50 (6v) | 100/100 
200 (12v) 
500 500/500 200 (12v)} 500/500 
1,000 (24v) 
2,000 (50v) | 2,000/2,000} 600 (24v) 
6,500 1,700 (50v) 
20,000 | 4,000 

















Like the major relay, the minor 
relay has double silver or platinum 
contacts, and can be fitted with operat- 
ing coils having a range of resis- 
tances from 0.3 ohms to 7,800 ohms. 
Operating coils are fitted with two 
or four connecting tags, and the core 
may therefore carry any combination 
of coils which can be connected to 
four tags, though a standard range 
of recommended resistances is as 
shown in Table 2. 


The figures given in brackets in- 
dicate the operating voltage required 
for moderate or light spring loadings. 
The foregoing two relays are all 
manufactured to the same specifica- 
tions by all the large manufacturers 
of telephone apparatus in this country, 
If higher voltages are to be switched 
than can be catered for by the P. 3000 0r 
P.600 type relays, the one shown in 
Fig. 3 manufactured by the General 
Electric Co., Ltd., is available. This 
relay, referred to as the H type, while 
having a magnetic circuit similar to 
the 3000 type relay, has a springset 
having higher insulation which i« 
given a 4,000 V A.C. test to frame, 
and between adjacent springs. It is 
therefore suitable for making and 
breaking circuits having potentials 
up to 2,000 volts, though if any appre- 
ciable amount of current is broken 
while passing through a high induc- 
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tance from such a high voltage source, 
spark quenching circuits must be used 
to prevent contact burning. 

Since the travel of the armature of 
the H relay is longer than the P.3000 
type its sensitivity is about 30 per 
cent, less for an equivalent springset. 
Again, although mounting on the 
same fixing centres its overall 
height is greater in view of the 
greater thickness of insulation between 
the separate springs. 


Micro-gap Relay 


For special applications a _ type 
similar to that shown in Fig. 4 has 
been used. This is a P.3000 type 
relay, but the springs are of phosphor 
bronze instead of german silver to 
increase the conductivity, and the con- 
tacts employed are of silver or silver 
nickel sintered alloy, and _ are 
separated by only 0.005 in. when 
open. This relay is used for switch- 
ing A.C, up to 5 amperes at 250 V, 
the microgap principle being em- 
ployed. This principle was described 
by Dr. Thornton in 1934; according 
to its teaching, a contact for A.C. 
should make and break comparatively 
slowly, the contact opening being 
only sufficient to prevent flash-over in 
air, or accidental short-circuiting by 
metallic dust. The relay shown has 
two such contacts, and is preferably 
used with a copper “slug ”’ coil to 
decrease the speed of operation and 
release. One such relay, tested by 
the writer, performed 100,000 open- 
ings and closures of a transformer 
.primary circuit, loaded to 1 KW at 
230 V, without failure. 


Relay for V.H.F. 


Fig. 5 shows a relay of a type of 
interest to radio engineers working in 
the 30-300 Mc/s. field, This relay 
has a change-over V.H.F. contact with 
auxiliary low-frequency contacts and 
is of the P.600 type. Its peculiarity 
lies in that the characteristic im- 
pedance of the vV.H.F, change-over 
springset is made equal to a 70-ohm 
transmission line by the use of flat 
earth-connected springs located be- 
tween and beyond the three conductor 
springs, these earthed springs being 
provided with contacts such that the 
outer spring of the change-over with 
which the centre spring is not at any 
given time in contact, is earthed. 
The spacing between the current- 
carrying and earthed springs is made 
so as to give the characteristic im- 
pedance mentioned above, and V.H.F. 
loss is kept small by the use of 
ceramic insulators. The relay can 
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ARMATURE GAP 











ARMATURE GAP 











Fig. 9. Characteristics of relay (m and k). 


. Carry up to 20 watts at 100 Mc/s., and 


other forms of relay are available to 
carry up to 1 KW in the same fre- 
quency band. 

Fig. 6 shows a relay for use where 
maximum economy of current is 
essential. It is a two-position device, 
consisting of two P.3000 or H type 
relays with interlocked armatures, 
the interlocking arm being spring- 
biassed so as to remain only in either 
of its two extreme positions of travel. 
Momentary application of current to 
one operating coil operates one arma- 
ture and releases the other, while 
momentary application of current to 
the other coil reverses the process. 
Both relays can carry their full com- 
plement of contact springs, and 
neither coil need remain energised 
once armature movement has ceased. 

Fig. 7 shows a relay for use 
primarily in the anode circuits of 
valves made by Siemens Bros., Ltd. 
In valve circuits it is often necessary 
either to have a relay which has a 


close ‘ operate/release ’ current ratio, 
or which operates or releases com- 
pletely once armature movement has 
begun. For reasons to be stated later 
these conditions are not easy to fulfil. 
The relay shown, however, which is 
of the P.3000 type, has an operate/ 
release ratio of 2:1, and its operate 
figure can be altered to a certain 
degree by the screw shown. The 
replacement of a broken valve, even 
if accompanied by a change in steady 
anode current, can thus be compen- 
sated for by the screw. The relay is 
suitable for following morse charac- 
ters, for operating or releasing when 
a slowly rising or falling anode 
current reaches a particular value, for 
preventing anode overloads, and the 
like. The contacts handle 1 ampere 
at 50 V D.c., and one or two change- 
over springsets can be carried by one 
relay, 

When switching on valve circuits 
employing mercury vapour rectifiers, 
it is essential to ensure that a delay 


Fig. 10. 


Characteristics of relay (c and b). 


of 30-40 seconds is allowed between 
the application of current to the 
rectifier filaments and supply of H.T. 
to the valves. This delay may be 


provided by the Siemens thermal 
relay shown in Fig. 8. This is a 
compensated bimetal combination 


having one bimetal strip wound with 
resistance wire and provided with a 
change-over contact, the whole being 
mounted on a telephone-type relay 
yoke. If required, an operating coil, 
armature and contacts may be added 
to make a thermal delay relay com- 
bination. This device may _ be 
employed for H.T, switching as men- 
tioned above, the bimetal strip being 
first heated to close the switching con- 
tacts, then disconnected and allowed 
to cool. This procedure ensures that 
if the valves are switched off soon 
after switching on H.T., the full delay 
of the bimetal strip is provided before 
H.T. can be re-switched: Full parti- 
culars of the use of this relay may be 
obtained from the manufacturers, 





Fig. 4. 


Micro-gap relay for switching A.C. 


Fig. 5. 


Relay for V.H.F. working. 
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Certain points in connexion with 
the operation characteristics of relays 
are worth notice. Electronic en- 
gineers often require a relay to 
operate .or release positively, that is, 
completely, without an intermediate 
pause, with an anode current that is 
slowly increasing or decreasing. This 
can only be accomplished by a relay 
carrying a small number of ‘‘ make ”’ 
contacts and of moderate sensitivity. 
Referring to Fig. 9, curve (1) shows 
the variation of the magnetic pull on 
the armature of a relay subject to a 
steady current in its operating coil, 
as the armature is allowed to move 
from its position of rest and approach 
the pole face until stopped at a fixed 
distance tHerefrom by its residual 
stud. The pull is of the order 


k 
p = ————- where ££ is a constant 
(a + dy’ 


depending on the magnetic circuit 
construction, @ is a constant deter- 
mined by the form of the knife’ edge 
and the fit of the heel end of the core 
in the yoke, and d is the mean instan- 
taneous distance of the armature from 
the pole face. The figure a@ is small 
compared with d until the armature 
approaches closely to the pole face. 
The curve can therefore be assumed 
for practical purposes to be hyper- 
bolic. A family of such curves can 
be drawn for various values of coil 
current. 

Curve (2) shows the variation of 
force exerted on the armature, by the 
contact springs of a relay having a 
single m or k contact, the bottom 
spring of which is tensioned down on 
to the relay armature, measured at 
the mean point of application of the 
operating field. At the point (a) the 
magnetic field just overcomes the 
restoring force acting on the arma- 
ture due to the contact spring and the 
armature starts to move, closing the 
gap between itself and the pole face. 
The restoring force of the bending 
contact spring increases linearly with 
armature movement until point (b) 
is reached, when the contacts close 
and the pressure of the top spring is 
taken up to point (c), when the 
spring leaves the insulating block of 
the relay on which it had been ten- 
sioned, Thereafter both springs bend 
together till point (d) is reached, 
when the residual stud reaches the 
pole face and armature movement 
ceases. Throughout this operation 
the magnetic pull curve lies above the 
restoring force curve, so that once 
armature movement has started it con- 
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tinues until the stroke is completed. 

If, however, a 4 or ¢ contact is 
employed, conditions are as shown 
in Fig. 10. In this figure, curve 2 
is the restoring force of the contact 
springs. As current rises in the coil, 
curve 1 point (a) is :eached, where 
the magnetic pull just equals the 
spring restoring force. The two 
breaking contacts now move together, 
the current rising meanwhile, till 
point (b) is reached when the bottom 
spring of the break encounters a stop. 
Further increase of current to curve 
(3) is now necessary to move the top 
contact fiom the bottom and complete 
the break action, the armature 
‘* floating ’’ part-way operated while 
the current is between the values (1) 
and (3). The dotted portion attached 
to curve (2) shows the effect of the 
third or make spring in a change-over 
action. It can thus be seen that com- 
plete or “‘ flip over ”’ action of a relay 
can only take place on a slowly vary- 
ing current if the relay carries m or 
k springsets of the normal type. 
Even so, owing to the increasing fric- 
tional component introduced by 
operating pins and bushes in a multi- 
spring combination, a large assembly 
of make springs does not give such a 
good characteristic as a smal] number. 


Any major, minor, high voltage or 
mains relay may be provided with a 
copper ‘ slug ”’ on the front or heel 
end of the relay coil, This slug re- 
duces the sensitivity of the relay by 
cccupying winding space, but it en- 
ables the relay to be slow releasing 
for a heel-end slug, or slow operat- 
ing and releasing for a front end 
slug. The degree of retardation is 
not large. Thus, if ‘a major relay 
takes 20 m.sec, to operate or release 
with a plain fully wound coil, it may 
take 60-80 m.sec. to operate with a 
front end slug, and 200-300 m.sec, to 
release with a front or heel end slug. 
Times much in excess of these are not 
reliably obtainable. The sensitivity of 
the relay is reduced to about 0.6 of its 
fully wound figure for a 1 in, slug. 

To obtain the best output of relay 
operating power from a valve operat- 
ing under given conditions, it is 
essential to derive an impedance 
match as shown in Fig. 11. It is 
obvious that for a given valve, H.T. 
and bias voltages, the higher the 
value of relay resistance inserted in 
the anode circuit the less the anode 
current. Conversely if the relay 
resistance is lowered its sensitivity is 
correspondingly reduced. The best 
value is obtained by drawing a set of 
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E, — J, curves for the valve used, 
and selecting the line of the bias volt- 
age at which the relay is to operate. 
A set of curves of the form: Watts = 
El for several values of watts are 
now drawn with the ordinate Z, = 
maximum anode voltage for one 
asymptote and the abscissa /, = 0 as 
the other, and with the origin at their 
point of intersection, These curves 
are hyperbolas, and the one which 
touches, or nearly touches, the grid 
voltage curve gives the best resistance 
for the relay from the relation 
R=E/I, the values E and / being 
taken from the juncture of the two 
curves. In the figure a valve type 
L63 is used, with a maximum anode 
voltage of 200 and an operating grid 
potential of —4 V. The dotted power 
curve EJ = 0.3 watt is seen to be 
asymptotic to the EZ, — 4 V curve at 
the point X. The slope of the line 
joining this point to the point Z, = 
200, /a‘= 0 gives the resistance of 
the relay, which should be 8,300 ohms. 
As, however, the shapes of the valve 
characteristics and relay wattage 
curves are somewhat alike at the 
correct operating point, it will be 
found that considerable variations in 
relay resistance result in relatively 
little variation in maximum power 
developed in the relay, so that relay 
to valve matching is not critical for 
a triode. Pentodes can also be 
matched by this method, but here the 
matching must be more accurate for 
best results. 

A further use for the curves is that 
of deducing the minimum grid yolt- 
age at which a relay will operate. If 
a power curve is drawn to the same 
asymptotes as previously, the power 
being that necessary to operate a 
required springset, and an anode 
voltage-anode current curve drawn to 
touch the hyperbola, then the grid 
voltage corresponding to this curve 
is that at which the relay just operates 
and the load line at the point of tan- 
gency gives the relay resistance 
required. The change in grid volt- 
age from the steady bias or non- 
operate condition to the tangent curve 
is the minimum which can be used 
for the particular valve under the 
operating conditions chosen. A 
similar procedure can be employed 
to find the minimum grid voltage to 
release a given relay if the release 
power of the relay is known. This 


may be from 1/1oth to 1/soth the 
operating power, depending on the 
relay residual, number of springsets 
and spring pressures, 

(To be continued) 
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Measurement of H.T. by 


Cathode- 


Ray Tube 


cathode-ray tube, for example in a 

television receiver, the electron 
beam is subjected to fields which pro- 
duce a constriction or cross-over close- 
up to the cathode, and again at the 
fluorescent screen, It is, however, 
possible to produce a further cross- 
Over at an intermediate point along 
the beam, and, in particular, where 
the focusing system is an electro- 
static lens produced by the juxtaposi- 
tion of two axially consecutive 
tabular anodes, such an intermediate 
cross-over will be formed if the ratio 
of second to first anode potential (?.e., 
the focusing ratio) is made sufficiently 
high, having regard to the tube 
geometry.’ 


I: the normal operation of a 


This property can be used to effect 
accurate measurement of high volt- 
ages, in the following way. A 
cathode-ray tube is employed having 
a known focusing ratio, and the 


unknown high voltage is applied 
to its second anode. An adjustable 
and comparatively low voltage 


applied to the first anode is measured 
by an ordinary moving coil instru- 
ment, and this may if desired be 
calibrated to give directly the value 
of the applied H.T, corresponding to 
accurate focusing of the beam on the 
fluorescent screen. 


In order to facilitate the observa- 
tion of the screen, a tube of special 
construction is used. This tube has 
a cathode shield with an elongated 
slot aperture instead of the more 
usual circular aperture, and the end 
of the first anode facing the cathode 
shield has a similar slot, the two 
being aligned. This gives rise to a 
beam of rectangular section, or 
‘‘ ribbon ’’ beam, in place of the more 
usual ‘ pencil ’”?; and by interposing 
further along this tubular first anode 
a diaphragm having two slot aper- 
tures with their lengths parallel to 
the width of the ribbon, a_ thick 
medial “ slice’? of the beam is con- 
structed while two equally offset thin 
** slices ’’ are afforded passage. The 
focusing field set up between first 
and second anodes has the effect of 
converging these two ‘‘slices’’ so 
that, with the high voltage ratio 
employed, they cross over first within 
the lens field and again in the region 
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of the fluorescent screen, where the 
superposition of the two fluorescing 
lines indicates accurate focusing. 
The screen end of the first anode 
penetrates some distance into the 
second anode, and is finished off with 
a pair of “ lips,’ this construction 
having been found to enable a wide 
ribbon beam to be focused as a 
straight line on the screen.? 


The diagrams illustrate the tube 
gun (Fig, 1) and the general arrange- 
ment and circuit (Fig, 2). The high 
voltage anode is shown as a wall 
coating, its edge adjacent the low 
voltage anode being polished and 
rounded to avoid sparking. 


If it is desirable to distinguish 
rapidly whether a given non-focused 
indication on the screen corresponds 
to the over-focused or the under- 
focused condition, the two slots in the 
double-apertured diaphragm may be 
curved slightly (as illustrated above 
the parallel slot arrangement). 


Communication from E.M.1. 
Laboratories 


1 See, for example, British Patent No. 495,707— 
Nicoll. 

2 This is one of a number of constructions for 
line focusing in Cathode ray tubes described in 
detail in British Patent No. 574,056— 
Klemperer. 
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Electrical Analogue Computing—Part /. 
By D. J. MYNALL, B.Sc., A.M.1.E.E.* 


A broad survey of the basic operations of electro-mechanical and electronic analogue computing, 
and an indication of the trend of development. 


N a study of the means for 
[czxsine out mathematical com- 

putations automatically, it is essen- 
tial to be clear as to the distinction 
between the analogue and the digital 
principles 

This article sets out to describe 
characteristic methods employed in 
electrical analogue computing, to 
indicate the direction in which 
development is likely to tend (im an 
attempt to realise the potentialities 
offered by the full exploitation of 
electronics), and to show the nature 
of the particular spheres of usefulness 
of this type of apparatus, 

Employment of the analogue prin- 
ciple results in apparatus in which 
chosen physical quantities vary in a 
manner mathematically analogous to 
the variation of the numbers in the 
problem under consideration, In any 
particular piece of apparatus, there 
exists, of course, an accuracy limit 
beyond which it is not possible to set 
up the input quantities or to read the 
result. 

On the other hand, digital comput- 
ing apparatus works out problems by 
_ methods which are basically the same 

as those which would be employed if 
an attempt were made to perform the 
calculations on paper. The elements 
in such apparatus have purely posi- 
tional significance, after ‘the fashion 
of beads on a counting-frame, and 
there is thus no fundamental limit to 
the accuracy obtainable. 

It would appear, at first sight, 
therefore, that digital methods are to 
be preferred. However, in general, 
the analogue principle gives appara- 
tus which is smaller and lighter than 
the equivalent digital apparatus, and 
it thus has fields of application in 
which it is particularly advantageous. 
The two principles are complemen- 
tary rather than competitive, 

Great advances have been made 
recently in digital computing, due to 
the application of pure electronic 
technique.** The writer is of the 


* Precision Circuits Section, Electronics Engineer- 
ng Department, British Thomson-Houston Co., 
Ltd. 





The MS. of this article was accepted 
for publication in June 1946 and in final 
form in December 1946. 


opinion that a similar type of advance 
will eventually be established in 
analogue computing, though on a 
less spectacular scale and with a 
different sphere of usefulness. A 
return is made to this point after 
the possibilities of pure electronic 
analogue computing have _ been 
indicated, ; 

The mathematical processes dealt 
with in this article are the basic 
operations such as addition, multi- 
plication, differentiation, integration, 
and a few others which do not come 
directly under these heads, 

The examples which are given later 
have been chosen for the generality 
of their application and for their use- 
fulness in demonstrating principles. 

The art is extensive, so that, of 
necessity, some interesting ~ 
of technique have. been omitted or 
given but brief mention. It is héped 
that the references quoted will in 
some measure compensate for this. 


The accuracy of performance of : 


each individual example is not dis- 
cussed, but, as a general guide, it may 
be taken that the magnitude of error 
which it is reasonable to tolerate (at 
the present state of the technique) is 
between one per cent. and one-tenth 
of one per cent. The higher 
tolerances relate to complete systems 
and the lower to individual units. 
Throughout the article the word 
‘‘ unit ’’ is reserved for a part of the 
circuit performing some definite and 
relatively simple function, such as 
adding together several quantities or 
multiplying one quantity into another. 
A unit is composed of ‘ elements ”’ 
such as resistors, thermionic valves, 
electric motors and the like. 
Electro-Mechanical and _ Electronic 
Systems 


It is convenient to divide units into 
one or other of two groups, according 
as they do or do not contain active 
mechanical elements, The units from 
which active mechanical elements are 
excluded will be called ‘‘ electronic,” 
and the other units (which, inciden- 
tally, may include electronic ele- 
ments) will be called ‘“‘ electro- 
mechanical.”’ 


In the same way, systems contain- 
ing electronic units only will be 
called ‘‘ electronic,’? and all other 
systems will be called ‘‘ electro- 
mechanical.”” The significance of 
this distinction will be made clearer 
later. 


Basic Quantities 


In computing systems of some com- 
plexity it is good practice to express 
the input data consistently in terms 
of one basic quantity, such as voltage 
or current, and to carry out the stages 
of the calculations in such a fashion 
that each unit accepts and delivers 
this basic quantity. 

The observance of this general 
principle rationalises the design of 
elaborate systems, and gives the 
maximum flexibility to systems which 
must allow of changes of layout to 
suit different problems. 

In electro-mechanical systems it 
may be considered good practice to 
have two basic quantities, one 
mechanical and the other electrical, 
provided that the mechanical quantity 
is used consistently to represent one 
type of data, while the electrical 
quantity is used consistently to repre- 
sent another type. For example, 
voltage might be used to represent 
the parts or the modulus of a complex 
number, while mechanical shaft rota- 
tion might represent the angle of 
the same number, 


Algebraic Addition 


To move from the general to the 
particular, the operation of algebraic 
addition may be considered first, 
since it is obviously a prime require- 
ment, and is one which linear elec- 
trical circuits are well adapted to 
deal with, by a variety of methods. 

For example, alternating voltage 
amplitude may be chosen as the ana- 
logue quantity and the desired sum 
reached by series connexion of the 
secondary windings of a number of 
unity-ratio transformers as shown in 
Fig. 1. Provided that the voltage 
wave-forms are all alike in shape and 
relative timing they need not be 
sinusoidal, A completely inverted 
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wave-form will, of course, represent 
a negative number, and the system 
covers the algebraic addition of real 
numbers. Inversion of a transformer 
connexion may be used to reverse the 
sign of a number, as shown in Fig. 2. 

The same arrangement deals 
correctly with the addition of com- 
plex numbers if it is arranged to 
represent the modulus of a number by 
the magnitude of a sinusoidal volt- 
age, and the angle of the number 
by the phase angle relative to a 
chosen datum. The in-phase com- 
ponents of the input voltages add 
algebraically to give the in-phase 
component of the output voltage and 
represent the addition of the real 


parts of the complex numbers to give 


the real part of the resultant sum. 
Similarly, the quadrature com- 
ponents of the voltages represent the 
imaginary parts of the complex 
numbers and the quadrature com- 
ponent of the output voltage gives 
the imaginary part of the sum. This 
follows immediately from the well- 
known one-to-one correspondence be- 
tween the vector diagram for the 
addition of the voltages and the 
Argand diagram for the complex 
numbers, 

Variation of the transformer turns 
ratios from unity allows a general 
extension to linear functions of the 
input variables,* as shown in Fig, 3. 

Another important method of add- 
ing voltages may be called ‘“‘ star 
mixing’’. It is particularly well suited 
to electronic systems, and is able to 
deal with a wide frequency range, 
from D.C. upwards. 

Suppose, for example, that it is 
desired to sum the voltages from 
sources by this method. ‘It is suffi- 
cient to join 2 equal admittances in 
a star-point and to connect each of 
the free ends of the star to one of the 
sources to obtain a voltage at the star- 
point which is 1/# th of the desired 
sum. 

The star admittances are generally 
(and for D.c., necessarily) conduc- 
tances. 

Precisely the same remarks with 
regard to alternating voltages apply 
as before, and general types of linear 
functions may be set up by making 
the star admittances unequal, 

‘Loading from the star-point to 
‘© earth ” alters the detail design but 
not the principle, and may readily be 
taken into account, 

Fig. 4 is an illustration of the most 
general form of star mixing when x= 

It is useful to work in terms of 
admittance rather than impedance, as 
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Fig. 1. Algebraic addition by the use of unity 
ratio transformers : positive quantities. 











QUTPUT 








Fig.2. The reversal of a winding changes the 


sign of a quantity. 




















Fig. 3. Varying the ratios of the transformer 
windings gives a linear function of the input 
variables. 
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Fig. 4. ‘Star mixing. Another method of form- 
ingla,linear function of the input variables. 


the expressions for the weighting co- 
efficients in the output function 
assume a simpler mathematical form, 
which makes it clear that in order to 
adjust one of the coefficients, without 
affecting the others, an equal and 
opposite variation should be imposed 


' properties 
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on the associated star admittance and 
the loading admittance, 

Apart from their use in more 
elaborate systems, these principles 
suffice in themselves to form the basis 
for simultaneous linear equation 
solvers. This subject may be 
followed up for example in Reference 
4, which deals with a commercial 
application of the star mixing method 
and the general theory of the classical 
iterative method of using such 
apparatus. ° 

So far, in the consideration of addi- 
tion, electronics has: not appeared 
specifically, though it will be under- 
stood that circuits such as Figs. 3 and 
4 may well employ electronic excita- 
tion and indication, 

In particular, an electronic ampli- 
fier is well adapted to restore the loss 
of level which is sustained in every 
star mixing process. 


The Thermionic Valve as a Computing 
Circuit Element 


Before going further, it will be as 
well to consider some_ general 
of a vital element in 
electronic computing systems — the 
thermionic valve, 

The thermionic valve has_ the 
advantage that it can operate at 
speeds far in excess of any mechani- 
cal device. It also offers the features 
of readily providing power gain from 
point to point of the circuit and of 
acting as a more-or-less unidirectional 
buffer, thus simplifying interaction 
problems when compounding units to 
form a complete system 

But for these advantages the valve 
would not find a place in precision 
systems, because it also offers the dis- 
advantage that one cannot rely upon 
its characteristics remaining un- 
changed during warming-up, under 
changes of ambient temperature, or 
with normal ageing. Nor is there 
likely to be close similarity of charac- 
teristics between valves of one and the 
same type. This means that the 
direct use of the valve characteristic 
is ruled out. 

Fortunately, various artifices are 
available to make the overall perfor- 
mance of valve circuits depend 
almost entirely on circuit elements 
which are more uniform and consis- 
tent in performance. The principle 
involved, which is known as ‘ nega- 
tive feedback ’”’, was first explicitly 
investigated and used on an exten- 
sive scale in connexion with com- 
munication networks®* and the tech- 
nique was thus ready for application 
to computing circuits, This principle 
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‘s so important that a simple but 
characteristic. application will be 
described before proceeding with the 
description of units for performing 
other mathematical operations, 


Negative Feedback 

In Fig. 5, the block represents a 
high-gain, ‘direct-coupled, voltage 
amplifier. The numerical value of 


” 


the gain, A, is an “ instantaneous 
value which is not necessarily known 
with any exactitude: it will vary due 
to factors which have already been 
enumerated and will also be a func- 
tion of the input voltage, owing to 
non-linearity of the valve charac- 
teristics, For simplicity, it is assumed 
that the input resistance of the ampli- 
fier is infinite, the output resistance 
zero, and that zero output voltage 
corresponds to zero input voltage. 
Departure from these conditions can 
readily be taken into account, but 
would merely obscure the main point. 
A resistor, R, connected between the 
input and. output terminals, provides 
the feedback link, 

With these assumptions, it is easy 
to show that the input resistance and 
the transresistance of the whole cir- 
cuit have the values given on the 
diagram. These are instantaneous 
values, which will vary as A varies. 
The transresistance has the dimen- 
sions of resistance since it is defined 
as the ratio cf the output voltage to 
the input current, 

The important point to note is that 
the transresistance approaches a limit 
—R, as the value of A is raised, and 
that this limit is independent of A. 
Thus, provided A_ be sufficiently 
great, large variations in A result in 
negligible variations in the trans- 
resistance. In other words, this 
property of the circuit has been made 
to depend on the characteristics of a 
resistor rather than on the charac- 
teristics of the valve or valves, which 
are merely the means for obtaining a 
high value of A. 

Furthermore, the input resistance, 
though directly subject to the varia- 
tions of A, approaches zero as the 
value of A is raised, and can be made 
extremely small. 

It is a short step to the amplifier of 
Fig. 6, which has been formed by the 
addition of a resistor, 7, on the input 
side. The input resistance and volt- 


age gain are as shown on the diagram, 
and both approach independence of A 
as A is raised in value. 

An amplifier of this type is com- 
monly used for addition by star mix- 
ing, the resistor 7 being replaced by 
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to a valve amplifier, showing effect of R on the 
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Fig. 1. Feedback circuit applied to star 
mixing. 


the whole star of mixing resistors, as 
shown in Fig. 7, The advantage 
over the arrangement of Fig. 4 is that 
adjustment of the star admittance 
associated with one of the input 
variables affects only the associated 
constant in the output function (no 
compensating adjustment elsewhere 
being called for) and the output level 
is independentiy adjustable by varia- 
tion of the feedback admittance. 
Where the change of sign is signifi- 
cant it can be corrected by a unity- 
gain amplifier of the same general 


type. 
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It may be noted, in passing, that 
when direct voltage is being handled 
by such a system the stability of the 
zero is not ensured by the means 
described. One way of overcoming this 
difficulty is to convert the input to A.c., 
by high-speed mechanical interrup- 
tion or some form of modulation pro- 
cess, reverting to D.C. at the output 
terminals by means of synchronous 
demodulation at high level. This 
technique is an art in itself, too 
extensive to be dealt with in detail in 
this article. A useful explanation of 
the purpose of chopping the input 
quantity is contained in Reference 7. 
Several useful embodiments of the 
principle have not yet appeared in 
the literature of the subject. 

Another method is to employ an 
auxiliary circuit which examines the 
zero setting and corrects it when 
necessary.* This avoids the need for 
chopping the input to the main 
amplifier, where it may impose an 
artificial upper limit on speed of 
response. 

Feedback and input elements are 
not necessarily resistive, as will be 
seen. in examples of _ electronic 
differentiators and integrators which 
are dealt with later, 
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New Magnetic Alloy 


A magnetic alloy of 35 per cent. 
cobalt, 64 per cent, iron, and 1 per 
cent. chromium has been developed 
by Dr. T. D. Yensen, of Westing- 
house Research Laboratories, U.S.A. 
Termed ‘‘ Hiperco,” this alloy is 
workable and has the highest satura- 
tion point of any known material. 

A small cold-rolling mill is at 
present working, with a capacity of 
1,000 lb, per day to meet early needs. 


—Westinghouse Press Service. 
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High Power 


Television 


Transmitters 
—Some Aspects of their 


Design 
Part 2 
By 


P. A. T. BEVAN, B.Sc., A.M.I.E.E.* 


INGLE-SIDED valve circuits 
Sites of the concentric type are 

in general not suitable for tele- 
vision transmitters of the class 
described in Part 1 because of their 
asymmetry with respect to component 
mounting frames and screening en- 
closures. The dimensions of these 
parts become appreciable fractions 
of the operating wavelength and 
appear in the circuits as coupled 
impedances so that a true common 
R.F, earth balanced with respect to the 
circuits is difficult to obtain, For these 
reasons balanced push-pull circuits 
are usually favoured, particularly for 
the high-power modulated output 
stage. 

Basically, the push-pull circuit is 
arranged to form a reactance bridge 
which should remain balanced over 
the whole of the carrier and side-band 
range. Such an arrangement for a 
neutralised grounded cathode circuit is 
shown in Fig. 5, where the pair of 
valves and the pair of anode-to-grid 
neutralising capacities form the four 
arms of the bridge. The criterion of 
balance is that the R.F. output 
voltage developed across the tank 
circuit and anodes A; A; shall produce 
no voltage across the  grid-tuned 
circuit at B; B, or on the grids them- 
selves at G: G2. 

No feed-back voltage at 8; B: can 
be achieved by ensuring that the reac- 
tances of the four arms (including all 
strays) are equal, while for no voltage 
at G;, and G, there must be no reac- 
tance between 4; and G; or 2; and Gz, 
since a large part of the R.F. anode 





* Design and Installation Department, the British 
Broadcasting Corporation. 
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Fig. 10. 


current flows through the valves from 
A, and A, to the grid circuit at B, B:. 
The condensers Cy are therefore 
introduced to neutralise the induc- 
tance of the grid lead at the carrier 
frequency. A small voltage will 
appear on the grids at the higher side- 
band frequencies which will tend to 
increase the amplitude of one side- 
band and reduce the other. For this 
reason it is important that the induc- 
tance of the connexions between the 
grid circuit and the grids themselves 
should be reduced to a minimum, In 
general, in the case of water-cooled 
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Vision and sound aerials at Alexandra Palace, connected to the trans- 
mitters by copper tube concentric feeders. 


valves the disposition of electrodes 
and connexions of the single-ended 
type are the most favourable for form- 
ing the bridge circuit described. 

The condition of operation for a 
grid modulated push-pull amplifier 
during modulation by a simplified 
vision signal, but which embodies the 
extremes of synchronising pulse, peak 
white picture and the black level, is 
illustrated in Fig. 6. 

The short intervals of black level 
which are normally introduced before 
the start and at the completion of a 
line of picture signal have been 
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Fig. 5.—Basic bal 


band television modulated amplifier. 


omitted for simplicity while the anode 
current/grid voltage dynamic charac- 
teristic of the valve has been made 
linear. The best compromise be- 
tween power output and efficiency is 
obtained if the valve operates in the 
Class B condition at peak white. To 
this end. the amplitude of ‘the R.F. 
driving voltage Z, is made equal to 
the maximum overall amplitude En 
of the modulating voltage, and the 
amplitude and positioning of the 
latter on the grid base of the charac- 
teristic is such that on a peak white 
modulating signal E, becomes suffi- 
ciently positive to generate anode 
current R.F. pulses of the maximum 
allowable amplitude and of just 180° 
duration. At the same time at the 
trough of a synchronising signal, F, 
is such that the anode current is just 
cut off while a black level signal 
generates anode current pulses of less 
than 180° duration and of amplitude 
sufficient to give a fundamenfal fre- 
quency component of 30 per cent, of 
the peak white amplitude. 

The principal departures from 
these ideal conditions’ which occur in 
practice are: 

(a) The non-linearity of the valve 
anode curreat/grid voltage charac- 
teristic particularly the effect of 
‘bottom bending.’’ which neces- 
sitates increasing the relative ampli- 
tude of the synchronising pulse to 
take E, well below cut-off so as to 
obtain the desired rectangular output 
waveform. 

(b) The non-linear loading effect 
of the grid current, taken when grids 
are driven positive, which results in 
regulation of the R.F. driving and 
modulating voltages within this 
region, and necessitates increasing 


the open circuit voltage swing of the 


d bridge circuit for ultra-short-wave wide- 


















































FUNDAMENTAL COMPONENT OF ANODE CURRENTS OF 
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Fs} ~ 
on F 
modulator by an amount equal to the 
regulation of the drive plus the volt- 
age drop due to the p.c. grid current 
flowing through the modulator out- 
put resistance. 

(c) The D.c. voltage regulation of 
the H.v. supply when transmitting a 
white picture which results in-a fall 
in the transmitted black level and a 
departure from ideal Class B opera- 
tion at peak white. 

The combination of these effects 
necessitates an increase of some 15 
per cent. in the overall vision signal 
output voltage generated by the 
modulator on open circuit while an 
amplitude ratio of the peak picture 
signal to the synchronising pulse 
approaching unity is necessary to 
obtain the required transmitted car- 
rier amplitude ratio of 7: 3. 

As previously mentioned 


SYNC : 


if the 


- effect of (b) is swamped in the conven- 


tional manner by resistance loading 
the modulated amplifier grid circuit 


: MODULATING VISION SIGNAL 
vouTace &, APPLIED TO GRID 


an R.F. driver stage giving an out- 
put of some four times that required 
to supply the actual grid power loss 
is needed to maintain the R.F. driving 
voltage sufficiently constant over the 
whole of the modulating cycle to 
achieve a reasonably linear medula- 
tion characteristic. 

An R.F. cathode follower driver 
stage was suggested as one method of 
reducing the regulation of the driving 
voltage during the grid current 

“region thereby avoiding the use of a 
swamping resistance load and the 
attendent waste of driving. power. 

An alternative method of achieving 
the same object is to use a conven- 
tional driver together with some form 
of non-linear grid loading device 
having a characteristic which is 
approximately the reverse of the grid 
current characteristic thereby main- 
taining a constant load on the driver, 
equal to the peak grid power loss 
only, over the whole of the modula- 
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This principle has been 
used successfully on certain grid 
modulated Class CC _ sound trans- 
mitters, the normal swamping resist- 
ance load being replaced by a triode 
absorber valve, the negative bias on 
which is increased by the rectified 
grid current taken by the modulated 
amplifier so that the proportion of 
load which the absorber valve im- 
poses on the driver is correspondingly 
reduced. This scheme has the added 
advantage that the load impedance 
presented to the modulator is also 
maintained constant over the modu- 
lating cycle which assists in linearis- 
ing the regulation of the modulating 
voltage, au equally necessary factor 
in obtaining a linear modulation 
characteristic. 

The other main choice offered to 
the designer is whether to use 
a straightforward grounded cathode 
circuit or alternatively a grounded 
grid or ‘ inverted amplifier ’? circuit. 


ting cycle. 


Grounded-grid Amplifiers 

The grounded grid amplifier is not 
new but is likely to be widely used for 
U.S.W. power amplifiers for television 
and F.M. (see Fig. 9). In this circuit 
the grid instead of the cathode is 
grounded and is common to both the 
input and output circuits a’ shown in 
Fig, 7, which gives it certain advan- 
tages over the grounded cathode 
circuit for ultra-short-wave wide-band 
television transmitters. The inter- 
electrode capacity common to the in- 
put and output circuits (and which 
must be neutralised for stability) is 
now the anode-to-filament capacity, 
but with valves of modern construc- 
tion (see Table 1, p. 139) this capacity 
is usually sufficiently low to permit 
smaller neutralising capacitor or none 
at all. It follows that the absence of 
such capacitors proportionally reduce: 
the total effective anode capacitance, 
so that the serious limitation which 
this capacity imposes on the peak 
power output, useful anode voltage 
swing, and efficiency for a given band- 
width response is greatly reduced. 
This is illustrated by the comparison 
curve in Fig, 1 (p. 139) which shows 


Electronic Engineering 


that the peak power output for the class 
of output valve concerned is increased 
by some 4o per cent. The full increase 
could not be realised in practice due 
to the limitation imposed by the rate 
anode dissipation. 

The grounded grid amplifier has, 
however, disadvantages. With this 
circuit the driver valve and the out- 
put valve act in series to supply the 
output load so that it would prob- 


ably be necessary to modulate 
both valves, or alternatively the 
driver valve only, and a_ large 


wide-band low-efficiency driver stage, 
and possibly a further stage of voltage 
amplification, may thus be required 
in comparison with that needed for 
the same output valve used in a con- 
ventional or cathode-follower-driven 
grounded cathode circuit. Even so, 
bearing in mind that the driver stage 
contributes to the power output and 
that ‘the output valve operates 
at increased’ efficiency into a 
higher load impedance (for a given 
band-width) the overall conversion 
efficiency of the transmitter is not 
likely to suffer. A further point is 
that filament of the output valve is 
at high modulated R.F, potential and 
this potential must be held off from 
the filament heating supply. In prac- 
tice the grounded-grid amplifier and 
its modulated driver would both be 
operated as wide-band Class B push- 
pull amplifiers, and Fig. 8 shows a 
possible circuit of this type in which 
modulation is carried out on the grids 
of the driver stage only in order to 
reduce the modulating power. 

It follows that since the mean 
anode current of both stages varies 
with the amplitude of the vision 
signal, their anode supply smoothing 
circuits would need to have a sen- 
sibly constant resistance characteris- 
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tic for all modulation frequencies 
down to D.C. in order to provide 
a linear response to the sudden 
‘step’? in mean anode current, 
which occurs when the mean picture 
brightness changes from a black to 
an all white picture, and so avoid 
the excessive surges in the trans- 
mitted ‘‘ black level ’? which would 
otherwise occur. Smoothing circuits 
which are so impedance corrected are 
relatively costly so that on this score 
it is desirable to restrict the number of 
high-power stages which are subject 
to modulation, 

Special triodes for grounded-grid 
Operation have been constructed in 
which the grid cylinder is extended to 
give more complete shielding between 
anode and filament, but so far none 
of these appears to be capable of 
giving power outputs much in excess 
of 20 KW per valve at frequencies 
above 50 Mc/s. and band-widths of 
the order of —1 db. at 2.75 Mc/s. 

There .are indications that future 
developments in valves of the CAT 21 
class may _ produce significantly 
greater outputs at frequencies between 
50 to 100 Mc/s., while at frequencies 
above 100 Mc/s, a wartime develop- 
ment known as the resnatron shows 
some promise. This device consists 
of a tetrode valve assembly in which 
the tuned circuits are constructed as 
an integral part of the electrode struc- 
ture and are contained in the same 
evacuated envelope. The valve is 
said to be suitable for use as a 
grounded-grid amplifier of useful 
gain and that adequate tolerances 
for bandwidths up_ to Mc/s. 
are obtainable with power outputs 
approaching 100 KW. A most 
useful improvement in the charac- 
teristics of large transmitting 
triodes would be an increase in the 





Fig. 7. Basic circuit of 
grounded grid amplifier. 
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ratio of peak anode to peak grid cur- 
rent to reduce the grid power loss and 
modulating power and provide more 
output for a given peak filament 
emission. 


Output Transmission Lines and Cables 


The necessity of locating television 
transmitting aerials as high as is 
economically possible above the level 
of the surrounding country to obtain 
the maximum service area for a given 
aerial power implies that masts of 500 
to 7oo ft, high are likely to be 
adopted. The length of the trans- 
mission line feeding the aerial must 
be of the same order as the mast 
height, and the use of such long lines 
introduces two important considera- 
tions which tend to conflict in practice. 


In the first place, the construction 
of the line should be such that 
impedance irregularities along its 
length due to spacing insulators, 
supports and joints are reduced to a 
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The modulated grounded 
grid final R.F. amplifier 
stage of the Paris Tele- 
vision Transmitter. The 
valves are obscured by the 
central frame support. The 
+ wave filament lines 
leading to the heater 
transformers can be seen 
on the right while on the 
left is the balanced output 
coupling circuit with a 
variable air condenser 
feeding the twin concen- 
tric transmission lines 
which project through the 
roof. The grids of the valves 
are connected together 
through the variable trans- 
mission line on the left 
from the top end of which 
are hanging the fiexible 
connectors for the valve 
grids. 


Photograph by courtesy of Le 
Material Telephonique, Paris, 
associates of Standard Tele- 
phones & Cables Limited. 
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minimum, as Well as any residual 
mismatch between the line and aerial 
itself, since such irregularities 
produce wave reflexions, the time of 
travel of which in long lines is com- 
parable with the modulation fre- 
quencies. Serious distortion of the 
received picture may result from these 
causes, the distortion becoming parti- 
cularly evident at points of sharp dis- 
continuity in the picture such as a rapid 
change from white to black or for a 
thin vertical line. In the latter case 
reflexion from a resonant aerial sys- 
tem terminating a 750-ft. transmission 
line may produce echo lines dis- 
placed from the original image at in- 
tervals of approximately 1/s5oth of the 
picture width, 

The wave reflexions produced by in- 
sulators and joints give rise to a re- 
sultant reflected wave component in 
the line which continues to be 
radiated for a further time, equal to 
the time of travel of the wave over 
twice the length of the line, after the 
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transmitter output signal voltage 
applied to the aerial has fallen to 
black level. This introduces a ‘‘step”’ 
of this duration in decay of the radia- 
ted signal and to minimise the ampli- 
tude of this step the ratio of the 
amplitude of the reflected wave com- 
ponent to the main wave component 
should be made as small as possible. 

These effects have been described 
by E. C. Cork and J. L. Pawsey in an 
admirable paper* covering the inves- 
tigations made on the 5 in. concentric 
copper tube feeder installed at the Lon- 
don Television Station (Fig. 10), It is 
shown that at operating frequencies in 
the neighbourhood of 50 Mc/s a single 
insulator of 1 wuF. capacity introduced 
into an 80 ohm line of this type pro- 
duces, under steady carrier condi- 
tions, a steady reflected wave having 
a relative amplitude of approximately 
1 per cent. Depending on the spacing 
of the insulators along the line the re- 
flected waves they produce may either 
add or subtract. For insulators 
spaced at 4 wave intervals the waves 
add and produce a large resultant 
component which is a condition to be 
avoided. For quarter wave spacing 
the reflected wave from any one insu- 
lator is cancelled by the one from the 
next except for the first half cycle so 
the resultant reflected wave in this 
case consists of a series of half 
cycles, the fundamental component 
of which is about half the amplitude 
of that due to a single insulator, Thus 
with 1 #“F. insulators the amplitude 
of the ‘‘step’’ produced is only some 
0.5 per cent, of the picture signal 
amplitude. 

The practical implication is that 
the construction of the line should be 
such that it embodies either a very 
limited number of insulators placed in 
groups of two with } wave spacing 
between the two, or a large number 
equally spaced at } wave or preferably 
$ wave intervals. 

Secondly, a line of low attenuation 
is essentially in order that the maxi- 
mum possible proportion of the 
already inefficiently generated trans- 
mitter power shall be transferred to 
the aerial, 

The type of transmission line most 
likely to possess the least significant 
impedance irregularities is the flexible 
air spaced coaxial cable, using Poly- 
styrene or ceramic disk insulators at 
close intervals to space the inner 
and outer conduction, Unfortunately 

(Continued on page 204) 





* “Long Feeders for Transmitting Wide Side 
Bands with reference to the Alexandra Palace 
— System.” Journal I.E.E. 1939, 84, 
Pp. 448. 
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@ The remarkable power factor and out- 
standing electrical insulating properties of 
‘““STYRAFOIL ” brand Polystyrene have long 
been recognised by the electrical, radio and 
television industries. ‘“STYRAFOIL” has a 
power factor of 0°0002-0°0004 which together 
with its negligible water absorption, has made 
possible the manufacture of equipment and 
apparatus not hitherto considered feasible. Its 
use in Radar equipment was a notable war-time 
achievement. Now “STYRAFOIL” is avail- 
able for developments in expanding peace-time 
industry. 


“STYRAFOIL” (Orientated Polystyrene 
Foil) is a plastic material endowed, as a result 
of molecular control during manufacture, with 
ten times the normal flexibility of ordinary 
Polystyrene film. It is supplied in spools of 
approximately 800 ft. lengths, from 3” up to 13” 
in width, and in thicknesses from }/1000” to 
6/000”. Even in the thinnest dimensions this 
foil possesses a tensile strength of up to 10,000 lbs, 
to the square inch, and has the same superb 
electrical properties of Polystyrene mouldings 
and extrusions. A vast number of products and 


T techniques awaits its use. Send for samples and 
further information. 


Head Sales Office HIGHAM STATION AVENUE - LONDON - E4 
Telephone LARKSWOOD 449! 





AREA SALES OFFICES 
King Street Buildings 42 Wellington Street - Sheffield 48 Moor Street : Birmingham 4 
| Ridgefield - Manchester 2 Sheffield 25517 Midland 0132 
Manchester Blackfriars 0258 Works LONDON - MANNINGTREE - DUNDEE 


TAYLOR 1400 
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Electronic Engineering 


Thermistors 


By W. ROSENBERG, M.Sc., A.1.R.E.* 


HE word ‘thermistor’ is 
TT compounded from ‘“ thermal 

resistor,’ and is applied to 
resistors with a high negative tem- 
perature coefficient. Positive coefh- 
cient thermistors are known but are 
not commonly used. The resistance 
elements are made from a mixture ot 
certain metal oxides which are all 
semi-conductors, one of the most fre- 
quently used being uranium dioxide, 
which has a resistivity of 5 x 10° 
ohms/cm* at o° C. and 2.8 X 10 
ohms/cm* at 100° C. Fig, 1 shows 
the resistiyity-temperature character- 
istic of uranium dioxide and another 
commonly used thermistor material, 
nickel manganese oxide. During 
manufacture the material is fired at a 
high temperature and is therefore not 
affected by subsequent heating to 
about 500° C. 

In all practical thermistors the con- 
duction is purely electronic, so that 
they may be used with direct o1 
alternating currents. 
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A resistor which passes a current 
proportional to the poten ial difference 
existing across it—other conditions 
(for example, temperature) being kep* 
constant—is sometimes called ar: 
chmic er linear resistor, and therm- 
istors are linear resistors within the 
meaning of this definition. 

Now the current resulting from the 
application of an E.M.F if allowed 
to flow long enough to heat the 
thermistor will cause a change in its 
resistance and therefore in its volt- 
age/current ratio, By a process of 
confused thought this change is some- 
times adduced as a reason for saying 
that the device is a non-linear resistor, 
but in the interests of clarity, this 
error should be avoided. 


2. Types of Thermistors 


The resistance material may be 
formed into small beads, tubes or rods 
or into disks, The heating of the ele- 
ment may be achieved by passing 
current through it (directly heated 
types) or by heating a small resistive 
coil which is in thermal, but not elec- 
trical contact with the themistor bead 
(indirectly heated types). In a third 
type of thermistor the element is 


* Admiralty Signal Establishment. 
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Fig. |. Resistance-temperature character- 
istics of thermistor materials, with curve 
of platinum for comparison. 
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Fig. 2. Two types of indirectly heated 
thermistor (A, B), and two types of directly 
heated thermistor (C, D). 


made large so that the resistance is 
mainly governed by the ambient 
temperature. 


Some typical thermistors are illus- 
trated in Figs. 2 A-D. In all except the 
disk thermistor, the thermally sensi- 
tive element consists of a small bead 
or tube (about .o15 in. dia.) fused to 
.oo1 in. lead wires. The thin wires 
are spot welded to stouter leads or 
supports (e.g., 22 S.W.G. wire). 

Figs. 2A and B_ show indirectly 
heated types. The bulbs are usually 
air-filled and the resistance of the 
heater coils is generally 50 Or 100 
ohms, 

Figs. 2 C and D show directly heated 
thermistors and Fig. 3 shows a typical 
disk thermistor in which the thermis- 
tor material is bulky, Owing to the 
large cioss-section the current density 
is small and the heating due to the 
current is thus negligible. 


“3. Typical Thermistor Character- 


istics 

The composition of the thermistor 
material may be made to have almost 
any desired characteristic. In this 
article, space only allows us to men- 
tion some typical values. 

The “cold” resistance of the ele- 
ment is the resistance when the tem- 
perature is maintained at 0° C. This 
resistance can be made to lie anywhere 
between 1 megohm and 500 ohms, 

There are three main characteristics 
which are of interest: the resistance/ 
temperature curve, the  resistance/ 
power curve and the voltage/current 
curve, 

Some resistance/temperature curves 
are shown in Fig. 4. The tempera- 
ture coefficient decreases with increas- 
ing temperature (shown by the de- 
creasing slope of the curve). This 
sets a limit to the useful working 
range at about 250° C. 

Resistance/input power curves are 
shown in Fig. 5. It will be seen that 
large ranges of resistance aré covered 
with modest power inputs. 

Of great interest are the voltage/ 
current curves shown in Fig, 6 (A, 
B and C). These show that the 
thermistor can act as a negative re- 
sistance. The curves refer to an in- 
directly heated thermistor and show 
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the effect of the heater current on 
the characteristic. 

Fig. 7 again illustrates the relation 
between voltage and current in a 
thermistor material. In region B 
(where the applied voltage is low) 
the thermistor is an ordinary ohmic 
resistance of positive slope. In region 
A the thermistor temperature rises 
rapidly and the incremental resist- 
ance becomes negative, In region 
D the temperature of the material is 
high and the temperature coefficient 
of resistance falls to a small value, 
and so the thermistor again behaves 
like an ohmic resistance with a 
positive slope, 

Owing to its thermal capacity the 
change of resistance lags behind sud- 
den changes in applied voltage. The 
delay is illustrated in Fig. 8 which 
shows the build-up of current through 
the thermistor after the sudden appli- 
cation of a voltage. The thermal 
time-constant of average thermistors 
lies between 0.5 and 4 seconds. 

After the thermistor has been sub- 
jected to an ageing process, which is 
a normal part of manufacture, the 
characteristics are maintained even 
after long and rough usage. 


4. Application of Thermistors ~ 


The use of a thermistor in a resist- 
ance thermometer is obvious. The 
resistivity is about 5-10 times that of a 
platinum thermometer, though the 
maximum temperature is limited to 
(say) 500° C. 

At very high frequencies (e.g., when 
detecting infra red rays) thermistors 
may be used as ‘‘ absorption ’’ radia- 
tion-indicators. | They are consider- 
ably more sensitive than thermopiles 
or bolometers. 

Owing to its negative temperature 
coefficient the thermistor may be used 
in conjunction with positive coefficient 
resistors in the design of temperature- 
insensitive resistance networks. 

When a thermistor is placed in 
series with a relay of conventional 
design it will make the relay insensi- 
tive to voltage surges. This prin- 
ciple has considerable application in 
telephony. 

The indirectly heated thermistor can 
1eadily be used as a remotely-con- 
trolled variable resistor. It thus has 
applications for gain control in feed 
back amplifiers and oscillators, or 
anywhere where a wide range of con- 
trolled resistance is required. The 
self-inductance and capacity are low 
so that the elements are usable at high 
frequencies. (Maximum current is 
usually about 50 mA). 
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Fig. 4. Resistance-temperature charac- 
_ teristics of three thermistors. 
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Fig. 6. Voltage-current characteristics of 

thermistors (A, B, C) with addition of a 

linear resistance characteristic (D), 
giving negative resistance effect. 
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Fig. 5. Resistance-power input curves. 
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Fig. 3. Typical disk thermistor. 
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Fig. 7. Change of slope of characteristic 
over current range. 
—Bell Lab. Record. 
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Fig. 8. Variation of current with time 
after sudden application of voltage. 








Fig. 10. Standard symbols for ther- 

mistors. (a) Directly heated in bulb, (b) 

without bulb, (c) mounted on metal plate, 

(d) indirectly heated in bulb. A device 

with a positive temperature coefficient is 
shown thus: 


























Fig. 9. Basic circuit of an oscillator 
utilising the thermistor characteristic. 
Brit. Pat. 562,705. 
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If a thermistor is connected in series 
with an ohmic resistance the combina- 
tion may be made to have zero incre- 
mental resistance at one value of cur- 
rent. Referring to Fig. 6, curve A 
gives the voltage/current relationship 
of the thermistor. D is the character- 
istic of a normal linear 100 ohms re- 
sistor and E is the result of combining 
D and A (z.e., connecting the thermis- 
tor and resistor in series). The result- 
ing curve has zero slope at one point. 
In this region the resistance to small 
changes in current is zero. At 1, and 
I: the voltage is equal, hence these 
two points represent stable states for 
the circuit. This may be made the 
basis of a useful trigger circuit. The 
circuit is tripped from one stable state 
to the other by the application of 
alternate positive and _ negative 
pulses. 

Fig. 9 shows an indirectly heated 
thermistor connected in series with a 
parallel resonant circuit. Owing to 
the negative resistance characteristic 
of the thermistor the circuit can be 
made to oscillate. Adjustment is 
made by varying the heater current. 
The inherent thermal capacity of the 
oscillator limits the maximum fre- 
quency of oscillation. Very small 
thermistors have been made which are 
capable of oscillating up to about 
5,000 c/s, 

The circuit of Fig. 9, when not 
actually oscillating, can be made to 
have a very high Q at low frequencies, 
This is because the total resistance can 
be made very low. The property is 
particularly valuable because conven- 
tional high-Q circuits require very 
bulky coils at low frequencies. 

One of the most important uses of 
thermistor in short-wave radio tech- 
nique is the measurement of H.F. and 
U.H.F. power. Elements suitable for 
mounting in waveguides and co-axial 
lines (Figs. 2B and 2D) have been 
used at all frequencies which have so 
far been explored, 

In this account only a few applica- 
tions have been mentioned. Others 
will no doubt occur to engineers and 


physicists. However, this account 
although brief will show that the 
thermistor is a_ versatile circuit 


element. 

This article is published with the 
approval of the Board of the 
Admiralty, and the author is indebted 
to Messrs. Standard Telephones and 
Cables, Ltd., from whose reports some 
of the information has been extracted. 





1 Bell Laboratories Record, December 1940, Vol. 
x1x, No. 4. 
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The 
Z-Callipers 


By 
A. G. LONG * 


Fig. | (right). Callipers 

used to measure bulb 

thickness, and (b) 
electrical circuit. 


Fig. 2 (above). Close-up 

of coil and contact, and 

view of complete 
callipers. 
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THE CALLIPERS ano ELECTRICAL C/RCU/T. 








WALL THICKNESS BEING MEASURED. 


N the manufacture of vacuum 
| epparatu it is frequently of im- 

portance to measure the thickness 
of bulb walls, particularly of cathode- 
ray tube and X-ray tube bulbs. 

These are of such a shape that the 
use of ordinary leg callipers is im- 
practicable, and alternative methods 
of measurement, such as optical o1 
radiographic, are tedious in mass 
production. 

The callipers described were de- 
signed to overcome the difficulties of 
direct measurement and have proved 
sensitive and satisfactory in practice. 
The term “ Z-callipers’’ has been 
applied to them from the principle 
of variation of impedance (Z) on 
which. they depend. 

Fig. 1 shows the callipers with the 
coil cover box in place. The shape 
of the jaws in this particular case was 
chosen to enable the thickness of glass 
bulbs of the type shown in the figure 
to be measured. It is suggested that 
either the jaws should be made remov- 
able to meet different types and 
shapes of work, or that separate 
callipers be used to meet different 
needs. The electrical circuit is 
straightforward and is shown in 
Fig. 1b. The actual calliper shown 
(Fig. 3) was constructed from a 
standard relay coil and the complete 


* Messrs. Newton & Wright 





unit was used with the exception of 
the contacts, which were removed. 
The calliper legs are made from } in. 
brass, and the fulcrum is made by 
passing a large brass pin with lock- 
ing nut through the joint of the 
callipers. The moving armature of 
the relay unit is coupled to a strong 
brass bridge piece, which in turn is 
arranged as a rocking arm with a 
second fulcrum position placed in the 
body of the end unit; a brass bush 
‘‘A’’? (Fig, 2) provides the bearing 
position for the rocking arm. Open- 
ing the legs of the calliper will cause 
the rocking arm to open the magnetic 
gap on the coil unit, thereby reducing 
the impedence of the winding, and 
allowing more current to flow in the 
coil circuit; this movement is trans- 
mitted to the rocking arm via the 


point and adjustable anvil ‘C” 
(Fig. 2). These last two pieces are 
made from hardened steel. The 


calibration of the callipers is under- 
taken by placing known thicknesses 
of material between the jaws and 
reading the resulting current on the 
milliammeter, The scale of the in- 
strument can then be read direct in 
millimeters, or inches as desired. 
Some small difference will result in 
the readings due to mains voltage 
changes and frequency changes, but 
these are not likely to be serious. 








188 


Electronic Engineering 


June, 1947 





A Revolutionary Mobile Television Unit 


MONG exhibits at the British Industries 

Fair, one which has aroused outstanding 

interest is the Pye Mobile Television 
Station. Everything required for the 
production and transmission of a complete 
television outside-broadcast feature is con- 
tained in a medium-sized vehicle of the 
28 H.P. ‘‘ shooting brake ”’ type. 


The unit is unique, and represents a 
revolutionary advance in the development 
of television services. Even the most 
cursory examination of the unit reveals a 
number of very interesting features. For 
example, two cameras, each mounted on 
specially designed self-steering trojleys, are 
folded and neatly housed during transit in 
the rear flap of the vehicle. 


Two-channel monitoring is carried out at a 
very compact console, making possible 
complete contro! by a single operator. 
Remote focusing of the cameras is also 
carried out from the console by means of a 
servo system. 





. General view of the interior, showing the operator at the control console. Beyond the driver’s 
seat can be seen the transmitter, the radio-telephone equipment, and, below, the power unit. 





View of the complete vehicle. The directional 
antenna can be seen at the top; the folded 
dipole alongside being the communications 
aerial. One of the cameras, unshipped and 
ready for action, is seen at the right. 


A single transmitter only is used, accom- 
panying sound being inserted into the 
picture waveform by the use of the Pye 
Videosonic System.* The antenna radiating 
the transmitter output on 660 Mc/s is 
hydraulically elevated to some 35 feet, and 
can be orientated as desired. Communica- 
tion with the main station is by a built-in 
Pye Radio-Telephone equipment, while 
power for the whole unit is provided by a 
3 KW generator driven by the car engine. 


It is evident that much imaginative 
engineering has gone into the development 
of this apparatus, and engineers will await 
further details with considerable interest. 





* See Electronic Engineering, Dec. 1945, p. 814. 
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A Modern Vibration Measurement Laboratory 


Part 4—Fatigue Testing 


weight is a serious handicap on 
performance, materials must be 
selected with care and used to the limit 
of their capacity. The earlier articles 
of this series have described the 
various methods available of measuring 
vibration deflections and stresses in 
machines and structures, and it has 
been shown that the vibration engineer 
can check his calculations of vibration 
resonant frequencies by field tests, and 
can quickly determine the stresses to 
which his machines will be subjected 
under service conditions by electrical 
strain measurements. It should be 
noted here that it is sometimes com- 
paratively easy to calculate vibration 
frequencies, but virtually impossible 
in any case to forecast stress levels 
because of the difficulty of determining 
the magnitude of_the damping factors 
in the vibrating system. There is an 
analogy that is often used to explain 
electrical circuit phenomena _ to 
students with some knowledge of 
mechanical engineering which may be 
usefully applied here in reverse. It 
is not, however, generally known that 
this analogy between electrical and 
mechanical oscillations is precise, and 
that the relations between inductance, 
Capacitance, and resistance in an 
electrical circuit are exactly the same 
as those between inertia, flexibility, 
and damping in a mechanical vibrat- 
ing system. Likewise, electrical 
charge is the analogue of displace- 
ment, current of velocity, and voltage 
of mechanical force. Hence, using 
this analogy, it can be said that the 
vibration engineer knows the induct. 
ance and capacitance values in his 
circuits, but cannot calculate the 
charges and currents because the 
resistances are unknown. This is the 
more serious because, in general, the 
“Q” values of mechanical systems 
are very large, and very large magni- 
fications of. displacement and _ stress 
may be achieved under resonant con- 
ditions. It is in the avoidance of this 
by proper design that a large part of 
the art of vibration engineering lies. 
Another section of the art involves 
the improvement of the resistance of 
It is 
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STRESS CYCLES TO FAILURE 


Fig. |. 


a matter of fairly common knowledge 
that materials will fail at stresses 
well below their elastic limits if the 
load is reversed a sufficient number of 
times, this phenomenon being known 
as fatigue. The ultimate fatigue 
strength of a specimen of perfect 
design and workmanship would be 
determined by its internal metallurgi- 
cal structure alone, and could, in the 
ordinary way, be left to the metal- 
lurgists; but the actual strength in 
fatigue is, in practice, affected by 
mechanical factors such as the shape 
of the member and the fineness of finish 
of its surface. Sudden changes in the 
outline, sharp angles, tool marks, and 
accidental scratches tend to produce 
local stress concentrations that mag- 
nify the structural stresses in the 
member so greatly at these points that 
failure occurs at low indicated stress 
levels, It may well be pointed out 
here that the very general delusion 
that a metal which has failed in 
fatigue has crystallised at the point of 
failure is quite incorrect, the metal 
undergoing no inherent change what- 
ever, as all metals are crystalline in 
the solid state. 


Representative fatigue curves. 


Fatigue Curves 

The vibration engineer cannot yet 
reliably estimate the weakening effects 
produced by the various stress raisers 
that may be present in a given mem- 
ber, or the improvement in resistance 
that can be brought about pre-treat- 
ments such as cold working the sur- 
face, and has to fall back on the 
statistical results of fatigue tests on a 
number of sample specimens. Each, 
specimen of a batch is tested at a 
definite vibration stress level until 
failure occurs, or until a_ sufficient 
number of stress cycles have been 
endured to make it certain that failure 
will not take place. Plotting these 
results as stress against stress cycles 
endured gives the fatigue curve for 
the batch, and, with steels, the stress 
value at which the curve levels out is 
taken as the maximum safe vibration 
stress for the design. In the case of 
aluminium and magnesium alloys, 
however, there is no stress below which 
failure will not occur, i.e., no flatten- 
ing out of the fatigue curve; and these 
materials will always fail if the vibra- 
tion is carried out for long enough. 
With such alloys, the number of 
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stress cycles to which the member is 
likely to be subjected in the course of 
its working life must be estimated, 
and a stress level chosen from the 
fatigue curve which will guarantee a 
life as long as that required. Fig. 1 
shows representative fatigue curves. 

In order to carry out any extensive 
programme of fatigue tests, many 
specimens must be tested because of 
the wide experimental scatter in 
results; and, in the case of light 
alloys, individual specimens must 
undergo, for some applications, up to 
soo million stress reversals. For 
these reasons, it is obvious that 
fatigue testing by mechanical means, 
where rates of stress reversal higher 
than 3,000 cycles per minute are un- 
common, can be a very long and 
expensive business, tests going into 
three months per specimen running 
continuously, and using a_ large 
amount of power. 

One way of shortening the tests is 
to vibrate the specimens by electro- 
magnetic means at higher frequencies 
than can be achieved by mechanical 
methods, and very much power may 
be saved by vibrating them in reson- 
ance at their own natural frequencies. 
In this way, specimens may be tested 
at ten or twenty times the speed of 
mechanical fatigue tests, and at a 
tenth of the power consumption, 
because of the magnification of move- 
ment and stress: that takes place 
under resonant conditions. 


Regenerative Testing 


A very efficient and satisfactory 
way of carrying out tests of this type 
is to run the fatigue test rig and its 
associated electrical equipment as a 
regenerative circuit, and it is useful 
in the case of larger specimens to run 
them in pairs, vibrating in phase 
opposition like the tines of a tuning 
fork, so that the root clamping re- 
actions are largely balanced. A 
sketch of such a rig is shown in 
Fig. 2. Each specimen has, fastened 
to its tip, a magnetic armature which 
is attracted once per cycle of excita- 
tion current towards the pole pieces 
of the symmetrical magnet system, 
which may be polarised by a winding 
on the central core, or by permanent 
magnets built into the system. 

A linear vibration pickup, which 
may be any one of the types described 
in the earlier articles, a photo-electric 
device, or even a microphone, is 
fastened to a convenient point on the 
test rig so that it generates a signal 
at the frequency of vibration of the 
specimens. This signal, which is 
usually proportional to the amplitude 
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Fig. 2. Rig for testing specimens cut from propeller blade roots. 
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Fig. 3. Block diagram of regenerative electro- 
mechanical fatigue test system. 
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of vibration of the specimens is fed 
through a phase adjusting circuit to 
the input side of the power amplifie: 
that supplies the excitation current to 
the test rig magnet. This coil is 
tuned by a power factor correction 
condenser, and it can be seen that the 
whole electro-mechanical system may, 
by adjustment of the phase of the 


pickup signal, be made regenerative, 
and that it will oscillate at the natural 
frequency of the test specimens. By 
this it will be seen that a very high 
overall efficiency can be obtained, as 
the specimens are always on resonance 
even though the frequency may tend 
to fall slightly as fatigue sets in. The 
only power required is for the /*R 
losses in the exciter coil, the small 
eddy current losses in the magnet 
core and specimen armatures, and 
the windage and mechanical hyster- 
esis losses in the specimens them- 
selves, 


Stability of Running 


This type of drive arrangement, 
although efficient, suffers from insta- 
bility, as a small change in specimen 
amplitude is returned to the exciter 
coil as a proportional variation of 
current tending to raise or lower the 
amplitude still further. Random dis- 
turbances, both in the mechanical and 
electrical parts of the regenerative 
circuit, tend to produce these sudden 
changes, A chopper device has there- 
fore been developed which, incor- 
potated in the circuit, produces from 
the pickup voltage a signal of the 
same frequency but of fixed voltage 
that can be adjusted in amplitude and 
phase to drive the specimens at what- 
ever stress level has been decided. 
They will then keep running at that 
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Fig. 4. Circuit diagram of pre-amplifier, chopper, and phase adjuster unit. 








amplitude and at their own natural 
frequency until failure occurs. Only 
changes in the power needed to keep 
them in resonance will then produce 
alterations in amplitude and stress, 
and these are gradual enough to be 
left to ordinary supervisory inspec- 
tion. The large increase in power 
required when failure takes place, due 
to the increased hysteresis losses in 
the fractured specimen, and _ the 
sudden fall in resonant frequency are 
very marked and cannot be over- 
looked, even when the initial crack is 


vA ene anann oiled 


quite invisible to the naked eye. 

A block diagram of the electro- 
mechanical circuit is shown in Fig. 3, 
and a detailed circuit diagram of the 
chopper and phase shift unit in Fig. 4. 
It will be seen that this consists of 
a conventional degenerative pre- 
amplifier, with the feedback signal 
taken from the secondary of the coup- 
ling transformer. This is followed by 
a simple resistance-reactance phase 
adjuster, and by a voltage amplifier 
stage, with a pair of voltage limiting 
diodes which cut off the tops of the 


Fig. 5. Small fatigue test rig for steel spring specimens. 


amplified signal sine-wave at a fixed 
level. The resulting constant voltage 
square wave, which is still of the same 
fundamental frequency as the original 
signal, is fed into the low-pass filter 
network. This cuts the corners off the 
square wave, and passes a substan- 
tially sinusoidal constant voltage to 
the output stage, which feeds the 
possibly remote power amplifier of the 
test rig through a cathode follower. 
The whole phase-shift, limiter, and 
filter unit, with its amplifiers and 
power pack is built as a standard rack 





Fig. 6. Large moving coil vibrator. 





mounting unit, so that it can be in- 
corporated in any fatigue test hook- 
up. It is suitable for test rigs of any 
size, at frequencies from 10 to 
1,000 c/s. For difficult cases, where 
it is necessary to run a specimen in 
a high overtone mode, a band-pass 
filter can be incorporated in the 
circuit. The amplitude limiting 
“chopper ”’ device, and the reaction- 
less type of mounting of two test 
specimens have been the subject of a 
patent application. 

In Fig. 5 an example of-one of the 
smaller fatigue test units is shown, for 
testing small sections of steel spring 
used in aircraft components. The 
vibrating spring specimen and the 
energising magnet system can he 
clearly seen, together with the small 
scale on which the vibration ampli- 
tude can be read. The small box 
fastened to the specimen clamping 
block contains an acceleration-driven 
piezo-crystal which supplies the signal 
voltage to the driving amplifier. A 
rig of this size requires about 5 watts 
of power, while that of Fig. 2 uses 
some 30 watts. One of the largest 
rigs yet set up, to fatigue aluminium 
alloy propeller blades 7 ft. long, uses 
a very large moving coil type 
vibrator, the blade being suspended 
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at its vibration nodes, and using 
between 4o and 120 watts of power, 
depending on the mode and amplitude 
of vibration. A photograph of the 
vibrator, which was designed and 
built by de Havilland Propellers, 
Ltd., is shown in Fig. 6. Even larger 
rigs, using up to 2,000 watts are pro- 
jected. 


Stress Calibration 


To determine the stresses at which 
the specimens of a batch must run, 
a calibration of one or more indivi- 
duals is carried out, with strain 
gauges cemented close to the point 
at which failure is known or expected 
to occur. From this, the relation 
between stress and the amplitude at 
an arbitrary index position, usually 
the free tip, is found at the most suit- 
able resonant frequency of the speci 
men; and future specimens can then 
be run at appropriate amplitudes. 
This procedure can be used for most 
large and medium sized specimens 
because of the large range of sizes o! 
strain gauges available, which, in 
special cases, can be bent round 
fillets, or inseited in holes and 
notches. 

In the case of very small members, 


tion as 
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however, where stresses change 
rapidly over very short lengths, or 
where the addition of a gauge would 
materially affect the stiffness and mass 
of the member, other methods must 
be used; and a technique has been 
developed of calculating the stresses 
from the deflected form under vibra- 
measured directly by a 
calibrated microscope or indirectly 
from a photograph. This was used, 
for instance, in the case of the spring 
specimens shown in Fig. 5, but will 
not be described in detail as it does 
not fall within the scope of the present 


paper. 
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These resistors comprise a ceramic former on 
which a winding of high grade alloy resistance 
wire is firmly held in position by a coating of 


durable vitreous enamel. 


The units are im- 


pervious to moistare, and type approval has 
been given for their use in the most severe tropical 














conditions. 

Notable features are the variety of fittings avail- 
able ; the range of ohmic values, extending from 
2 ohm to 100,000 ohms; and the winding of the 
lower value resistances with nickel-copper wire 
of negligible temperature co-efficient. 

The resistors are available in a variety of sizes 
ranging from 150 watts dissipation to the smallest 
type, which although only 4 in. lang x 3/16 in. 
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Quality Control, in its broadest and widest application, is a never- 
relaxed feature of every stage in the production of T.C.C. Capacitors. 
From raw-material acceptance to final Capacitor test, a keen-eyed 


team of technicians and operatives, backed by the most modern test 


equipment, is engaged in the application of scientifically based control 


methods with one purpose in mind, that of maintaining the highest 


attainable standards of quality. 
Periodical examination, by statistical analysis, of the collated data 


ensures the effective application of the control systems employed. 


NORTH ACTON - LONDON 
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Conductive lines printed on Polythene with copper rivets as termin- 
als, developed by induction heating, Printed mica condensers stoved 


at 380°, 
tinned. 





Steatite stoved at 160°. 
Bakelite coil stoved at 150°. 


Porcelain tube stoved at 750° and 


New Types of Silver Coatings 


By PETER P. HOPF* 


silver, silver oxide or silver carbonate 
suspended in organic media such as 
pyroxylin or other cellulose deriva- 


ONSIDERABLE interest has 
( lately been shown in the silver- 

ing of non-conductive materials 
by means of applied silver coatings 
for various electrical purposes and in 
particular for the printing of circuits 
on steatite bases. The processes 
employed vary according to the effect 
desired. For the silvering of mica, 
stencils are usually employed through 
which the solution is sprayed. The 
same applies to certain types of 
ceramic condensers, although in this 
field dipping and brushing are more 
popular. For the printing of circuits 
the most successful technique so far 
employed has been that of silk screen\ 
printing. 

All these methods, but in particular 
the printing method, have been 
devised primarily to suit the materials 
available for silvering and these 
materials severely limit the introduc- 
tion of mass production methods in 
the field of silvering on non-conduc- 
tive carriers. Silvering preparations 
are usually finely divided forms of 

* Ward, Blenkinsop’& Co., Ltd. 





tives and an organic solvent. It is 
necessary that a flux be added to these 
materials to assure good cohesion and 
adhesion of the film. Similarly, 
resinates of silver are employed for 
the silvering of mica in particular. 
These are diluted with organic sol- 
vents, consisting wholly or partly of 
essential oils. This type of material 
dries after spraying and melts again 
during stoving operations. This 
property excludes it from uses where 
fine printing and sharply defined coat- 
ings are required, 

It seems patent that in the printing 
of circuits with any of the above 


materials the silk screen press is the 


only means available to supply a 
thick enough coverage of paste to 
give the desired conductivity. All 
non-heat-resisting carriers are auto- 
matically excluded by the high stov- 
ing temperature required to obtain 
adhesion and to reduce the oxides to 
metallic silver. It is, of course, vital 


that no organic material likely to 
influence the conductivity of the coat- 
ing is left after firing. When this 
silver coating has to be soldered to, 
the flux becomes a serious disadvan 
tage, as it makes the silver tend 
to dissolve in the solder. Similarly, 
with high frequency ceramics which 
have to be partially tinned after silver- 
ing, the silver tends to dissolve in the 
tin more readily, thus causing air 
spaces and variations in conductivity. 

These laboratories have apprcached 
the problem from a different angle 
and after numerous tests in cenjunc- 
tion with manufacturers cf electrical 
equipment, have evolved a silvering 
preparation and technique which over- 
comes all difficulties of the above 
nature, as well as helping to widen 
the choice of non-conductive materials 
to be used in the manufacture of 
condensers and as bases for printed 
circuits, etc, 

The material is a stabilised colloid 
of metallic silver containing a mini- 
mum amount of silver oxide and no 
other inorganic matter whatsoever. 
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The organic matter present has to be 
volatile below 3009 C. We have 
successfully made such preparations 
containing up to 7o per cent.. silver. 
It is important that such preperations 
contain: no resinous matter or 
materials tending to polymerise on 
heating, however slight that teudency 
may be. ‘This rule excludes even 
turpentine as a solvent. 

Preparations made in this fashion 
have additional advantiges in use 
which cannot be fully enumerated 
here, but attention ought to be drawn 
in particular to some of the advan- 
tages for the printing of circuits in 
mass production. The silk screen 
printing method cannot be regarded 
as wholly satisfactory, and although 
the initial expense of the press is 
small, its operation is a skilled job 
and slow, Continuous cleaning of the 
stencils requires more time than the 
actual printing and the maximum 
degree of exactness reached is far 
below the standard performance of a 
letter press or offset press. It seemed 
obvious that a material like the one 
described above could be used on an 
offset press with improved results. 
A special press was constructed for 
the purpose, being a slight modifica- 
tion of an ordinary offset press and 
although for experimental purposes 
it was hand operated, it recommends 
itself as a cheap means of obtaining 
mass production, as it may easily be 
mechanised. (Fig. 2.) 

The ink pad (E) made of polished 
steel is self-rotary and two gelatine 
cast rollers (D) pass continuously 
over this pad to transfer ink to the 
zinc letterpress block on carrier (A). 
In the same motion the specially soft 
rubber blanket on roller (C) transfers 
the print on to the carrier (B) on which 
the object to be printed is located. 
This machine will vrint up to two- 
thousandths of an inch in thickness 
of ink and with an ink containing 70 
per cent. of silver metal this thickness 
will have a low enough surface resis- 
tance to suit most purposes. 

One of these purposes is the print- 
ing of aerials in spiral ‘‘ pancake ” 
fashion on the inside of a radio 
receiver case. As will be seen later, 
the -basic material is not limited to 
mica or,ceramics, but polished wood, 
plastics, etc., may be used in conjunc- 
tion with this material and method 
of silvering. In some cases, however, 
the amount of silver so deposited will 
not suffice to give the desired con- 
ductance, especially where hairlines 
or lines of small width are to be 
printed. In these cases it is possible 
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Fig. 2. Diagrammatic sketch of offset printing press modified for printing circuits. 


to build up the silver coating with- 
out impairing the shape outlines of 
the print. The process is similar to 
the one used for printing resists on 
metals in ordinary etching processes. 
The colloidal silver material, which 
may be. made of varying viscosity 
over a wide range may also be made 
readily as a low melting fine powder. 
The print will not dry quickly but 
will stay sticky for a long time. It 
may therefore be dusted with this 
powder, followed by a dusting with 
french chalk to clear any silver 
particles from uncoated places. By 
intermittent heating to about 60° C. 
and dusting, the  silver-containing 
coating may be built up.to any desired 
thickness, 
’ As already stated, such silvering 
materials offer the advantage of not 
running or melting again after the 
solvent is evaporated and giving an 
even and adherent coating of pure 
silver at 300° C. At temperatures as 
low as 110° C., however, ‘coatings 
which are permanent and adherent 
are already obtained of a tonduc- 
tivity equivalent to 75 per cent. 
metallic silver, the remainder being 
silver oxide. Such coatings, although 
presenting the appearance of metallic 
silver and quite adequate for decora- 
tive purposes, are not sufficiently 
conductive for most electrical pur- 
poses. They are, however, amply 
conductive for subsequent electro: 
deposition of silver, copper, or nickel. 
If the unsilvered parts of a plastic 
article are masked by a_ water- 
repellant substance, say, beeswax, 
satisfactory metal coatings of great 
mechanical strength may be obtained. 


This method, although desirable for 
many purposes, has the disadvantage 
of being limited, as owing to the 
nature of the basic material such 
electrodeposits have to be applied in 
most cases initially from cold acid 
or neutral plating baths, 

An alternate and far more elegant 
method of silvering plastic material 
with such silver preparations, which 
opens entirely new possibilities in 
electrical design and construction, is 
possible by the use of high-frequency 
eddy current heating. Condensers 
may, for instance, be made of plasti~ 
materials of highly desirable electrical 
properties such as Polythene. Great 
progress has been made with high 
frequency heating machines in the 
last decade and designs to suit all 
requirements are on the market. A 
piece of plastic material coated with 
the silvering preparation placed be- 
tween the electrodes will not become 
appreciably heated, while the coating, 
which is of low conductance initially, 
is gradually warmed. As the tem- 
perature in the coating increases, its 
conductivity increases and the current 
will have to be reduced. When a 
temperature of 300° C. is reached in 
the coating this will consist of pure 
metallic silver, while the plastic 
cartier is only just warm to the touch, 
In this manner many highly interest- 
ing applications of the silvering of 
non-conductive materials can be 
effected. Outstanding as an example 
illustrating the possibilities of this 
method is the manufacture of con- 
densers by silvering films of poly- 
thene. Such a film of, say, four- 

(Concluded on p. 198) 
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The Physical Societys Exhibition 





Some of the apparatus on view at the Physical {Society’s,Exhibition held at Imperial College, 
South Kensington, London, S.W.7, on April 9th. to 12th. 1947. 


Properties of Lead Sulphide Cells as Infra-Red 
Detectors (Dr. F, E. Jones) 


Within the region of its spectral sen- 
sitivity (about 1-3.5 microns) the lead 
sulphide photo-conductive cell is the 
fastest and most sensitive detector known. 
It has found many applications in in- 
dustrial and academic problems in ad- 
dition to its use in spectroscopy. It is to 
be expected that many more applications 
for the cell will be found when its proper- 
ties become more widely known. 

Linear Coil Winding Machine 
(Mr. J. N. Morley) 

This machine has been designed to 
wind potentiometers whose _ resistance/ 
length law is linear to one part in 8,000 
of the total resistance. This accuracy is 
necessary since variable linear potentio- 
meters have become essential components 
in all electronic computing devices. At 
present the precision obtainable is re- 
stricted by inaccuracies in the potentio- 
meters. 

An automatic wire feed tension unit 
is incorporated in the winding machine 
and this makes it possible to wind 50 
s.w.g. (0.0010 in.) nickel chrome wire 
without fear of breaking. It is possible 
to wind a pitch as small as 0.001 in. with 
an infinitely variable speed adjustment 
from o to 400 r.p.m, Tests on the products 
of an earlier version of the machine before 
certain improvements had been incorpor- 
ated showed that it was possible by 
correct speed of winding to produce a 
pitch of 0.0025 in. accurate to 0.0001 in. 
Circular Time Base Frequency Comparator 

(Mr. W. H. Ward) 

The comparator is designed to compare 
accurately very stable oscillators which are 
very close in frequency. It can be used 
for frequency comparisans in a variety of 
other cases. 

Two signals are fed into the instrument, 
which employs a cathode ray tube dis- 
play. The two signals produce a circle 
split into bright and dark arcs. By 
observing this pattern, the frequency of 
either signal can be obtained in terms 





of the other. Means are provided fot 
simplifying the observation of eakeinal 
which have many arcs. 

Equipment for Determining the Character- 
istics of Geiger-Miller Counters 

This includes four equipments : 

(a) An Automatic Plateau Plotter 
which automatically records on a strip of 
paper the variation of counting rate of a 
Geiger counter with the applied voltage. 

(b) A Cathode Ray Monitor with Pulse 
Interval Discriminator. This consists of 
a cathode ray monitor which is triggered 
by the pulse from a Geiger counter and 
displays the pulse on the cathode ray tube. 
The pulse interval discriminator ensures 
that the monitor is only triggered by 
pulses which have been preceded by a 
pulse-free interval sufficiently long to 
ensure that there are no ions present in 
the Geiger due to a previous striking. 

The apparatus is useful for the general 
checking of Geiger counters, and it can be 
used for the measurement of pulse ampli- 
tude and the estimation of the dead time 
and the recovery time. 

(c) An Automatic Dead Time Indicator. 
This device gives a rapid measurement 
of the time during which a_ Geiger 
counter remains insensitive after the ex- 
tinction of the discharge. 

(d) A Pulse Interval Analyser. This is 
designed to detect any non-random distri- 
bution of the pulses given by a Geiger 
counter. Since most spurious counts are 
of a non-random nature, the presence of 
such counts can be detected and their 
time relationship with true counts ascer- 
tained, 

Telecommunications Research Establish- 

ment, Ministry of Supply, Malvern. 


Voltage Stabiliser (R. J. Hercock) 

This stabiliser, adapted for the precise 
control of standatd lamps, can be ad- 
justed continuously to give an output 
voltage of 50-150 V (using D.c, input at 
230 V), the maximum power output being 
250 W, subject to a limiting current out- 
put of 2} amp. Percentage voltage vari- 





ations in the output are reduced to 0.0003- 
0.001 of the percentage input variations. 
The control voltages are derived from a 
combination of the input and the output 
voltages, using known circuit elements. 


Special Plates for Recording Tracks of Nuclear 
Particles 
Recent research has resulted in the 
production of a range of special plates 
intended for use in nuclear work. These 
plates consist of thick coatings of fine- 
grain, highly concentrated emulsions. 
Tracks of alpha-particles, protons, deuter- 
ons, and particles resulting from nuclear 
fission can be recorded. The high con- 
centration of fine grains results in the 
production of well-defined tracks, and the 
small number of fog grains produce a 
minimum of interference with the record. 
Ilford Limited, 
Ilford, Essex. 


Applications of Crystal Rectifiers 

Crystal rectifiers developed for use in 
centimetre wave radio and radar equip- 
ment may be used in many applications 
outside the cm. waveband, where size, 
mechanical strength and absence of 
heater connexions are important  con- 
siderations. 

A rectifier type voltmeter with capaci- 
tance dividers for extending the voltage 
range has been developed. WitHout 
dividers the voltage range is o-50 volts 
from 50 c/s. to § Mc/s. With appropri- 
ate dividers the voltage ranges may be 
extended to 250, 1,000, 5.000 and 10,000 
volts respectively over the frequency band 
200 Ke/s, to § Mc/s. 

A special feature of the design is the 
double circuit, symmetrical about earth, 
which enables measurements to be made 
of the voltage between two points when 
either point or any intermediate point is 
earthed and at the same time maintaining 
the D.c. circuit and meter case at earth 
potential. 

A convenient unit for measuring or 
monitoring current in the megacycle 
region is provided by a radio frequency 
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current meter adaptor, comprising a 
toroidal wound input transformer and 
crystal rectifier. Used in conjunction with 
a ‘o-r milliamp D.c. meter, the unit is 
calibrated to read o-1 amp. over the 
frequency range 95-105 Mc/s. 

Other frequency ranges may be covered 
by suitable design of input transformer. 
High-Frequency Voltage Rectifier Unit 

The high voltage supply unit with high 
frequency generator delivers 20 KV and 
0.5 milliamps D.c. It consists of a 
normal type mains unit feeding a power 
oscillator which operates at about 120 
Ke/s. The output from the oscillator is 
applied through a step-up transformer to 
a voltage doubler stage which employs 
specially designed rectifier valves with 
directly heated low wattage cathodes. 
The latter are heated by high frequency 
power derived from auxiliary windings on 
the H.F. transformer, Reduction in size, 
weight and cost, with greater safety from 
high voltage shock, are the chief features 
inherent in the design. 

British Thomson-Houston, Co. Ltd., 
Rugby. 
The “ Skiatron” 


This instrument, conceived and devel- 
oped in the Scophony Laboratories, is a 
form of cathode ray tube in which the 
electron beam striking the screen, instead 
of causing fluorescence, produces an 
image of varying opacity which can be 
examined or projected by ordinary optical 
methods using conventional high intensity 
illumination sources instead of relying on 
the somewhat weak light emitted from 
the usual fluorescent material. 

Since the image produced will remain 
on the screen as long as is required and 
until simple steps are taken to cause it 
to die away, many investigations can be 
carried out with it without the trouble 
and delay of using photographic means 
of recording as has _ hitherto been 
necessary, 

Many industrial and research applica- 
tions seem possible and developments are 
proceeding to adapt it for use: in electro- 
encephalographs, electrocardiographs and 
for the studying of single stroke tran- 
sients of all kinds, and to _ photo- 
telegraphic equipment. . 

Scophony, Ltd., 
Town Hall Buildings, 
Wells, Somerset. 


Cloth Guiding Device and Control Equipment 


A photo-cell control signal is derived 
from the lateral position of the cloth 
selvedge and is used to adjust the angular 
position of a guiding wheel, so that the 
cloth leaving the guiding wheel is always 
correctly positioned for entry into a pro- 
cessing machine. The control signal is 
suitably amplified and operates a_ split- 
field motor-generator which in turn varies 
the angular position of the guiding wheel. 

The machine has been developed in col- 
laboration with Messrs, Tootal Broadhurst 
Lee Co., Ltd., who are the owners of 
British Patent No. 542323 and corre- 
sponding foreign patents on the actual 
guiding device. 

Ferranti, Ltd., 
Moston, Manchester, 10. 
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Evaporation Plant for use with the Met-Vick 
type E.M. Electron Microscope 

The plant described is intended pri- 
marily for the deposition of silica on 
specimens for use. in the electron micro- 
scope. It is also equally suitable for the 
deposition of gold or other metals used in 
shadow-casting techniques. It consists 
essentially of a high vacuum pumping 
plant, comprising an oil condensation 
pump and a mechanical rotary vacuum 
pump, arranged to evacuate a suitable 
bell-jar in which the specimen for treat- 
meht is placed. An adjustable electrical 
supply is provided for heating the filament 
type heater carrying the material to the 
evaporators, 

The plant is designed as a self-contained 
unit and in appearance it-is like a small 
enclosed cupboard, having a bell-jar on 
top. The dimensions of the framework 
are approximately 2 ft. 9 in. high, 13 in. 
wide and 2 ft. 8 in. long and the bell-jar 
is approximately 8 in. diameter by 12 
in. high. On one end are mounted 
the various switches and the Variac for 
filament supply control. On the top are 
the knobs of two vacuum taps, which are 
used to select the duty for the rotary 
vacuum pump, and on the side is the knob 
of the high vacuum flap valve, which 
isolates the oil condensation pump. These 
three valves are so arranged that the bell- 
jar can be opened to atmosphere and re- 
evacuated without the delay normally 
associated with the need for cooling. and 
reheating of the oil condensation pump. 

Metropolitan-Vickers, Ltd., 
Trafford Park, Manchester. 


A krypton-xenon-filled Sieflash Tube suitable 

for high-speed photography and high-definition 

stroboscopic work. The range includes tubes 

giving an intense flash of light with a duration 

of 200-300 and a type with an effective 
duration of 1-2 psec. 


Siemens Bros.,{Woolwich. 
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Multiple Oscillograph Recorder 


The multiple recorder is intended for 
use in industrial and traction test work 
and is designed to record photographically 
four cathode ray traces on a 70 mm. 
film. 

It consists of a model 440 twin double 
beam tube unit and a model 430 drive unit 
operating a model 423 film camera or 
model 422 drum camera. 

Three tube units may be mounted one 
above the other with their respective 
cameras to provide a maximum of twelve 
records to be photographed simultaneously 
on three separate 70 mm. films driven by 
a single camera drive unit. 

The model 423 film camera unit may 
be replaced by a model 422 drum camera 
operating from the same drive, with 
variable speeds. The camera is suitable 
for 35 mm. or 7o mm. film 50 cm. 
long and capable of film traverse speeds 
of from 4 mm. to 25 metres/sec. 

An electronic control unit is used for 
synchronisation at high speeds. 


1049 Industrial Oscillograph 


This instrument is designed specifically 
for the industrial user whose main in- 
terest lies in the measurement of low 
frequency phenomena. It consists of a 
double beam tube unit, time base, p.c. 
amplifiers and internal power supplies. 

The trace is presented on a flat screen 
double beam tube normally operating at 
2 KV, with provision for 4 KV operation 
for transient recording. Signals are 
normally fed via the amplifiers, with pro- 
vision for input voltage calibration. 

The time base is designed for repetitive, 
triggered or single stroke operation and 
is D.c. coupled throughout. Time 
measurement is provided by a directly 
calibrated control with time scale ranges 
from 1.5 seconds to 150 microseconds. 

Stabilisation against mains variations 
up to + 10 per cent. is provided for the 
amplifiers and cathode ray tube supplies 
and long-period stability is reached with- 
in 5 to 10 minutes from switching on, 


Aa C.. Gosses: Tee: 
Highbury, N.s. 


Frequency Standard 


Developed for the geophysics depart- 
ment at Cambridge as a means of timing 
pendulum apparatus, this standard has 
an accuracy of better than 1 part in 107. 
It can be operated from a.c. mains or 
batteries. 

The oscillator is of the bridge-stabilised 
type generating 100 Kc/s. and incorpora- 
ting a GT-cut crystal. The temperature 
coefficient of this cut is a minimum and 
it is possible to correct by the use of a 
temperature chart instead of using the 
thermostatically controlled oven, 

The output is applied to a frequency 
divider, giving outputs of 10 Kce/s. and 
1 Ke/s., both stabilised. A 600 ohm out- 
put impedance is provided by a cathode 
follower. 


Standard Telephones and Cables, Litd., 
Connaught House, W.C.z2. 
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The Electronic Repeater* 


The electronic repeater (Fig. 1) is 
employed for distant indication over 
G.P.O. lines of variable physical quan- 
tities. 

The varying quantity is arranged to 
exert a torque proportional to its value 
on an arm carrying a coil and a contact. 
The coil works in a pot magnet and the 
contact, which is on the end of the arm, 
works between two fixed contacts. The 
coil is in the anode circuit of a triode 
valve, this circuit being completed through 
the distant indicators and recorders which 
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are connected electrically in series. The 
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contact carried by the arm is connected 
to the grid of the valve while the two 
outside contacts are carrying positive and 
negative biasing voltages respectively to 
alter the anode current of the valve as 
required. 

The current through the coil is normally 
such as to provide an equal and opposite 
torque to that provided by the quantity 





under measurement. But if the quantity 
changes, and hence the torque, then the 
arm is moved over and one of the biasing 
contacts is made; the anode current is 


Fig. | Fm Diagram of elec- 
ic repeater circuit 


Fig. 2 (lower left). Circuit of 
the “* ore ” for Entigoting 
position of switches, etc 


Evershed & Vignoles, Ltd. 


SAFETY 
RESISTANCES 





SWITCHES. FOR 16HALF CYCLES. 
TRANSMITTER 


ARM MAKES | REV 
FOR 16 HALF CYCLES. 
ON STARTING UP, SYNCHRONISING 
*NOB 1S TURNED UNTIL LIGHT 
APPEARS iN LAMP MARKED SET” 





PANEL 
SET. 


RECEIVER 


LAMP & VALVE 
TEST SWITCH, 






Fig. 3 (right). Plessey 1.F. Align- 


RESISTANCE . ment Oscilloscope. 


SYNCHRONOUS 
AC MOTOR, 


375 
RPM 







RESISTANCE. 













5O~ 
AC 
SUPPLY 


197 


thereby increased or decreased as required 
until the centre contact again moves clear 
because the two torques are . again 
balanced. A condenser and resistance are 
connected across the grid circuit of the 
valve to provide storage of the required 
biasing voltage. The system thus pro- 
vides a D.c. current in the transmission 
lines which is proportional to the physical 
quantity being indicated. 


* Patent Pending 


The Multiscope 

The multiscope (Fig. 2) provides 
simultaneous indication over one pair of 
wires of the transitory condition of fifteen 
two-position mechanisms such as switches 
or on-off valves, 

The transmitter at the sending end is 
a synchronous motor driving a wiper arm 
over a faceplate having sixteen studs. 
The arm is connected to one wire of the 
transmission line while the studs are con- 
nected through the operation switches, 
the condition of which is to be indicated, 
to a D.c. supply the other side of which 
is connected to the other wire of the 
transmission line. 

At the receiving end there is another 
synchronous motor driving an arm round 
studs on a faceplate. These are con- 
nected through individual neon lamps to 
the anode of a triode valve, while the 
wiper arm is joined to the positive H.T. 
supply for the valve. The incoming trans- 
mission line is connected in the grid 
circuit of the valve which therefore 
becomes conducting or non-conducting 
according to whether the D.c. voltage is 
being fed from the transmitting end or 
not. 

When the valve is made conducting, 
then the neon tube concerned will strike 
and it is arranged to remain struck for 
the rest of the cycle of the wiper arm by 
placing a suitable condenser and resist- 








ance across it, This ensures continuous 
indication. 

Synchronisation may be checked by the 
use of the sixteenth stud which is fed 
from a separate p.c. supply reversed in 
polarity from that energising the other 
15 studs, a second triode valve at the 
receiving end being provided for this 
circuit. The receiving end faceplate is 
rotated by means of a knob until the 
check neon is illuminated when the two 
ends will be in synchronism. 

(Marchment's Patents Nos. 510551 & 516841) 

Evershed and Vignoles, Ltd., 
Acton Lane Works, 
Chiswick, N.W.4. 
Frequency Synthesiser, Type TD.2100 

A crystal controlled frequency standard 
with an accuracy of 3 parts in 10%. It 
is capable of standardising frequencies 
over the range 500 c/s. to 10 Mc/s. direct, 
and by harmonic extension to 300 Mc/s. 
Any Kc/s. interval between 2 Ke/s. and 
10 Mc/s. interval between 2 Kce/s. and 
free of spurious frequencies to give an 
output of 0.1 volts across an 80 ohm lead 
_with an accuracy of 3 parts in 10°. Mix- 
ing and filter arrangements are provided, 
giving direct reading facilities, and the 
procedure for obtaining any frequency is 
reduced to setting switches and tuning 
filters. The ultimate frequency reference 
is a 100 Kce/s. G.T. cut crystal. 


(See H. J. Finden, Frequency Synthesiser, I.E.E., 
eon Vol. go. Part hii. No. 12). 


Vibrator Test Equipment, Type TD.2180 

This equipment has been designed for 
the purpose of checking the accuracy and 
performance of vibrators. The test set 
is suited for sample tests and design work 
and is capable of giving accurate measure- 
ments of vibrator characteristics. Wave 
form is indicated on a cathode ray tube 
unit which gives pictures of both primary 
and secondary voltages. Switching effici- 
ency is indicated on a meter which is 
calibrated directly in percentage and is 
switched for primary contacts or second- 
ary contacts. Frequency is shown on a 
meter calibrated directly in cycles, and is 
standardised against the s5o-cycle mains by 
a push button switch. 

The panel is fitted with standard trans- 
formers for 2 V, 6 V and 12 V which are 
selected by means of a switch. Similarly 
the gear can be switched for tests with 
synchronous or non-synchronous vibrators. 
1.F. Alignment Oscilloscope (Fig. 3.) 

An instrument for the tracing of true 
response curves and the production align- 
ment of I.F. circuits on a long persistence 
calibrated cathode ray tube. A variable 
speed frequency modulated oscillator is 
fed to the receiver through a buffer valve 
and calibrated attenuator. The buffer is 
also coupled to a mixer with local oscil- 
lator, allowing a change in mean fre- 
quency, and a circuit used to provide, 
from the mixed output, a D.c. horizontal 
sweep linear with frequency. A crystal 


calibrator gives spot calibration and a 
single valve provides stable p.c. amplifi- 
cation of the receiver diode signal. The 
mean frequency can be varied 

450 and 475 Kec/s, and the deviation is 
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+ 20 Ke/s. The deviation speed is con- 
trollable between 1 and 20 c/s. The 
response of band-pass circuits can be 
studied on a cathoae ray tube at such a 
speed that no erroneous results are caused 
by the time constant or ‘‘Q”’ of the 
circuit and so the tube-picture is identical 
with the response curve plotted by the 
usual static methods. ‘This oscilloscope 
has been used with great success in the 
production testing ot commercial radio 
receivers, in which case a mask can be 
fitted with a standard response curve to 
which the receiver can be aligned very 
rapidly. It is ideal for the alignment of 
high class receivers using variable ‘selec- 
tivity, and crystal gate filters. 


The Plessey Company, Ltd., 
Vicarage Lane, 
Ilford, Essex. 


Thermocouple Recorder 

This will record temperatures up to 
1,500° C. with a full scale deflection on 
the recorder of + 10° and a _ probable 
overall accuracy of + 3° at the higher 
temperatures. It is fundamentally a 
p.c, feedback galvanometer amplifier with 
a photo-cell but contains several patented 
features which considerably improve its 
stability and performance. 

A protective device is incorporated 
which automatically cuts off the supply 
if the illumination fails on the photo-cell 
and in addition a reference voltage is 
provided from a standard cell in the p.c. 
amplifier circuit. 

Also exhibited were a toluene regulator, 


resistance thermometer controller, cold 
junction controller, and thermocouple 
controller, 


Sunvic Controls, Ltd., 
Kean Street, Aldwych, W.C.2. 


Student Electrical Bridge Components 


Pye student electrical components fill a 
need for a compact, inexpensive series of 
components. for educational and demon- 
stration purposes. Their accuracy is such 
that measurements of unknowns may be 
made to +1 per cent. They may readily be 
set up to form Wheatstone, Maxwell, 
Owen, Hay, Schering and other bridges 
for the measurement of resistance, 
capacity, inductance, time constants, and 
power factors, The internal. connexions 
of each component are clearly indicated 
on the top panel. 

Available shortly : 

1. Pointer galvanometer. 

2. Decade resistance box hundreds of 

ohms, 

. Decade resistance box tens of ohms. 
Decade resistance box units of ohms. 
. Potentiometers 100, 1,000, 10,000 and 
100,000 ohms continuously variable. 

. Ratio box-double 1: 10: 100. 

- Twin __ battery/galvanometer 
button unit, 

. Rectifier bridge unit (for a.c. bridges). 
. Double 0.2 wF fixed condenser unit 

+ 1 per cent, ’ 

10. Resistance box multiplier for Owen 
bridge. 


push- 


woo nn np w 


Pye Ltd., Radio Works, 
Cambridge. 
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Books on Electronics 


AN INTRODUCTION TO_ ELEC- 
TRONICS: By Prof. R. G. Hudson. 
Professor of Electrical Engineering at 
the Massachusetts Institute of Tech- 
nology. 15s, net. 

A logical course of study on the 
properties and control of electrons, with 
well illustrated descriptions of recently 
developed apparatus and appliances em- 
ploying electronics. and used in industry 
and elsewhere. 

FUNDAMENTAL ELECTRONICS AND 
VACUUM TUBES: By Prof. A. L. 


Albert. 25s. net. 
A non-mathematical account of the 
subject. It deals with sources of electron 


streams, their utilisation in diode and 
multi-electrode tubes, amplifiers, oscil- 
lators and modulators, photo- and cathode- 
ray tubes. 
Macmillan and Co., Ltd., 
St. Martin’s Street, 
London, W.C.2. 





New Types of Silver Coatings 
(Continued from page 194) 
thousandths of an inch thickness 
silvered both sides is a perfect con- 
denser material having excellent 
insulating properties, superior to 
those of mica, The saving in space 
is also considerable and, in addition, 
such condensers are completely 
flexible, as the silver coating obtained 
is perfect in adhesion and will not 

break or flake off on bending. 

Coatings for condensers are, of 
course, best applied by spraying, 
whether the carrier be plastics or 
mica, Even for the latter, such 
colloidal silver preparations as, for 
instance, the ‘‘ Elargols’’ prepared 
in these laboratories offer substantial 
advantages as the silver coatings are 
not only mechanically strong and 
may be soldered to, but the firing 
temperature being reduced to 300° C., 
the mica preserves all its original 
properties and the loss in weight 
usually occurring around 500°C. is 
completely eliminated. 

With silver coatings obtained from 
such colloidal materials, it is impor- 
tant that the stabiliser should evapor- 
ate last so that the colloid is not broken 
during the initial stages of heating, 
thus ensuring a completely even coat. 
Only such coatings may be soldered 
to, This is accomplished either with 
argent solder or with a solder con- 
taining 35-40 per cent, cadmium and 
60-65 per cent, zinc, which melts at 
120°C. In cases where even this 
temperature is too high for the 
carrier, alternative methods include 
the spraying of metallic copper to 
the place where soldering is to be 
applied, or, preferably, a piece of fine 
copper gauze may be interposed, 
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R.F. INPUT 


One of He pyplicallons 


FOR BTH lee ENDED 


CRYSTAL RECTIFIERS 


@ The illustration shows a unit 
designed to measure radio frequency current 
up to 0'1 ampere in the range 95 to 105 me|s. 


Send us particulars of YOUR requirements. 






THE BRITISH THOMSON-HOUSTON COMPANY LIMITED, RUGBY, ENGLAND. A3757 
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COSSOR 


DOUBLE BEAM 
OSCILLOGRAPH 


gluing 
VISUAL TWO - DIMENSIONAL 
delineation of any recurrent law. 
* 
RELATIVE TIMING OF .EVENTS 


and other comparative measurements 
with extreme accuracy. 


& 
PHOTOGRAPHIC RECORDING 


of transient phenomena 


and 
SIMULTANEOUS INDICATION 


of two variables on a common time axis. 


Completely embracing all the above 
functions, of which the last is unique, 
the Cossor Double Beam Oscillograph 
is inherently applicable to all prob- 
lems arising in 
RECORDING, INDICATING & MONITORING 
when the effects examined can be 
made available as a voltage. 


A. C. COSSOR LTD., 


INSTRUMENT DEPT., 
HIGHBURY, LONDON, N.5 
Phone: CANonbury 1234 (30 lines) 
Grams: Amplifiers, Phone, London 
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this is TU FNOL ROD &BAR 


a material for engineers 


Rods of up to 2” dia., square bars of up to 2” square and rectangular 
bars of up to 3$” x $” section are made in lengths of approximately 
48”, The laminations are formed concentrically so that parts made 
from Tufnol rod and bar can be drilled or tapped in any direction 
without disturbing the laminations, 

Like other forms of Tufnol — sheets, tubes, angles and channels — 
rods and bars are strong, light, electrical insulators, resist corrosion 
and can be machined easily. 


An ELLISON Product 


TUFNOL LT 


PERRY BARR BIRMINGHAM 22B 153 




















High Performance-Strength-Stability. 
Close electrical and mechanical toler- 
ances. Grades to suit various appli- 
cations. 

23-25 Hyde Way, Welwyn Garden 
Tel: Welwyn Garden 925 City, Herts. 
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Part 2 of a paper read before the Electronics Group of the Institute of Physics 


By J. H. FREMLIN, Ph.D., F.Inst.P.* 


T has been shown that in klystrons 
[=< tubes of the Heil type the start- 

ing current depends on the bunching 
efficiency H. In such systems a 
large increase in H can only be ob- 
tained by increasing greatly the drift- 
tube length and this soon results in 
great practical difficulties, particu- 
larly in focusing the electron beam. 

A different mode of obtaining 
bunching was suggested by Hahn 
and Metcalf* in a paper published in 
1939: Instead of passing the velocity- 
modulated beam across a second gap 
they proposed to obtain the energy 
transfer in the same gap as the 
modulation by returning the electron 
beam through it for a second time. 
Then an oscillator with a_ single 
resonator and only a single gap be- 
comes possible. They suggested two 
ways in which the initially velocity- 
modulated beam can be made to pro- 
duce a current-modulated beam. 

In the first, which may be termed 
the method of phase-selection, the 
beam is allowed to fall on a plate at 
cathode potential. Then the elec- 
trons accelerated in their passage 
through the gap will be able to reach 
the plate and be collected, while 
those decelerated will be reflected. 
Thus groups of electrons half a 
period long will be returned and if 
distances and voltages are correctly 
arranged these will all be retarded in, 
their second passage through the gap 
and hence do work on the R.F. field. 
In the absence of a spread of initial 
velocities the selection might be com- 
plete for infinitesimal R.F, modulating 
voltages and the starting current 
would be zero. In practice there is a 
spread so that at low levels the separa- 
tion is proportional to the R.F. voltage 
and a finite but still very small start- 
ing current is obtained. The prac- 
tical disadvantage is that at any 
reasonable amplitude secondary emis- 
sion by the accelerated electrons be- 
gins and changes the whole operation 
of the system. 

A system which actually used 
secondary emission to produce the 
desired pulses of current was worked 


* University of Birmingham. 
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Fig. 10. Diagram of a refiex oscillator. 


on by Cooke, at Oxford, in the early 
part of the war. Here the collecting 
plate was made slightly positive with 
respect to cathode, the potential being 
such as to give the greatest rate of 
change of secondary emission co- 
efficient with primary velocity. Thus 
the faster electrons give rise to more 
secondaries and the phase of return of 
the resulting concentrations of 
secondaries is adjusted as usual to get 
as much work out of the electrons as 
possible. At first sight this scheme 
seems very attractive, as the starting 
currents are extiemely small. If a 
large secondary-emission coefficient 
is used the primary beam might be 
quite small and easy to focus and one 
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Fig. 11. Distribution of potential in various 
forms of retarding field. 


might feel that no equivalent of over- 
bunching would arise. Unfortunately, 
at short wavelengths we cannot keep 
transit-time small, so that a good deal 
of ordinary bunching of the primary 
beam occurs for high amplitudes, 
tending to give current pulses at 
different times, Also, performance 
depends upon the stability of a 
secondary-emitting surface suffering 
bombardment at extremely high 
power density, and finally the very 
rapid variation of mean _ collector 
current with oscillation amplitude 
makes it difficult to prevent relaxa- 
tion oscillations analogous to the 
squegging of triode oscillators. 


The best method in practice has 
proved to be the second method pro- 
posed by Hahn and Metcalf. In this 
the whole of the primary beam is re- 
flected back through the resonator by 
an electrode maintained at a high 
negative potential with respect to 
cathode. This type of tube was 
worked on by R. W. Sutton, of the 
Admiralty Signal Establishment, and 
by E.M.I., and has been the basis of 
practically all the beating oscillators 
used in radar receiving sets through- 
out the war. In Fig. 10 is shown a 
system of the type concerned. Since 
no electrons ever reach the reflector 
secondary emission, complications 
cannot occur. 


The mechanism of bunching can 
then take place in either of two ways, 
according to the distribution of the 
retarding electric fields. In Fig. 11 
are shown various possible types of 
potential distribution between resona- 
tor and reflector. If we have a con- 
stant retarding field, corresponding 
to the potential distribution of Fig. 
11a, the faster electrons go farther 
and take longer, so that bunches are 
formed by the overtaking of the fast 
by the slow. This is, of course, 
analogous to the behaviour of a ball 
thrown’ vertically upwards; the faster 
it is thrown the longer it takes to 
come down. An excellent mechanical 
analogue to the system using a water 
jet was shown by W. J. Scott, at the 
Physical Society Exhibition, in 
January, 1946. 





If, on the other hand, we have a 
distribution of the form of Fig. 11b, 
the faster electrons return first as in 
the case of balls thrown against a 
wall, 


Intermediately one could, of course, 
have fields giving little or no bunch- 
ing; for example, if the potential 
falls parabolically, as in Fig. 11c, the 
retarding field will be proportional to 
distance from the gap and electron 
trajectories will be parts of a simple 
harmonic motion and thus be iso- 
chronous whatever velocity-modula- 
tion they may have undergone. Such 
a field might be useful in the 
secondary emission type of oscillator 
though no attempts to use such a field 
seem to have been tried, probably 
owing to the impossibility of com- 
bining it with any electrostatic form 
of focusing. 


With fields of the form 11a or 11b 
we still have the same difficulty as in 
a klystron of obtaining a large bunch- 
ing efficiency H without at the same 
time making the tube very large and 
getting overbunching at very small 
amplitudes. We have, however, now 
a further variable. A field of the 
form shown in Fig. 11d is easily ob- 
tained with a reflector like that shown 
in Fig. 10. Then A depends on the 
rate of change of transit-time with 
input velocity at the reflection point 

8V 
O. This depends on — 

8x 
at V = O, which can easily be made 
small even though the distance to the 
reflector is itself quite small. This 
also is the form of field required for 
electrostatic focusing, 


when V = 


By such means the starting current 
may be made so small as to be ajmost 
unimportant even at cm, wave- 
length with a high voltage. Thus 
the E.M.I. tube KRN2, which operated 
at 1,000 volts for 3.2 cm., had a start- 
ing current of only a milliamp or so. 


We still have the overbunching 
difficulty. This could in principle 
be avoided by use of a field of: the 
form shown in Fig. 11e, when re- 
tarded electrons are isochronous with 
oné transit-time and accelerated elec- 
trons are also isochronous with a 
transit-time half a period greater. 
Here again, however, magnetic focus- 
ing would be required and this is 
liable to lead to a very large noise 
level in the oscillator output owing 
to the existence of electrons which 
travel backwards and forwards a very 
large number of times, sometimes 
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gaining and sometimes losing energy, 
before collection. 


One more important property of 
velocity-modulation oscillators re- 
mains to be discussed; the fact that 
small changes of frequency may be 


obtained electrically without any 
mechanical adjustment of the 
resonant circuit whatever. The 
mechanical dimensions may, of 


course, be adjusted electrically by 
using electron bombardment to con- 
trol thermal expansion of some part 
of the circuit direct, or of some bi- 
metallic strip device, but it is not in- 
tended to consider such systems 
here.) 


We can look at the operation of a 
velocity-modulation oscillator as re- 
sulting from the development of a 
radiofrequency current at the working 
gap in antiphase to the radiofrequency 
voltage at the same point. This, then, 
has properties corresponding to those 
of a negative resistance in parallel 
with the gap. If, however, the 
bunches arrive not quite in the right 
phase they will induce a component of 
current in the resonators in quadra- 
ture with the voltage. If the bunches 
lag behind the proper phase to give 
a pure negative resistance, this 
current will add to the normal reson- 
ant quadrature current flowing in the 
resonators and will have exactly the 
same effect as if we had added a small 
extra capacity to the resonator, i.¢., 
the resonant frequency of the system 
will be lowered. 

Similarly, if the bunches lead the 
correct phase we are effectively de- 
creasing the capacity and hence :ais- 
ing the frequency. The amount of 
the frequency change depends upon, 
firstly, the ratio of the extra induced 
quadrature current to the R.F, voltage, 
i.e., to the value of the equivalent 
added capacity, and secondly, on the 
effective capacity already present in 
the circuit. It is desirable to em- 
phasise that the frequency change is 
not a kind of forced oscillation at a 
frequency different from that of the 
resonator. This would depend on the 
Q of the circuit, not on the capacity. 
If we had a resonator of infinite Q a 
small quadrature current fed in would 
still change the frequency perfectly 
well, without affecting the amplitude, 
and not merely change it but change 
it instantaneously without any inter- 
mediate interval during which tran- 
sient phenomena might occur as in the 
case of forced oscillations. 

The effect can easily be demon- 
strated by the use of a mechanical 
oscillating circuit consisting of a 
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simple pendulum. An extra restor- 
ing force may be applied for a short 
part of each cycle in quadrature with 
the pendulum velocity, i.e., near the 
phase at which the gravitational 
restoring force is a maximum, by 
letting the pendulum swing against a 
light spring, It will be found that the 
pendulum period is at once reduced 
without significant change of ampli- 
tude. If applied only for a brief time 
the system may be used as a very con- 
venient phase-adjustment. With the 
help of a magnet and a pendulum 
bob of magnetic material an increase 
of period can be obtained, though 
with an ordinary steel bob eddy 
current damping leads to an appre- 
ciable fall in amplitude. 


To return to the velocity-modula- 
tion tube, the method of changing the 
phase at which the bunches traverse 
the working gap is simply to change 
the mean transit-time in the drift- 
tube or reflecting space. This is done 
in a klystron or coaxial-line oscillator 
by changing the H.T. voltage, and in 
a reflex tube more conveniently by 
changing the reflector potential. | In 
the standard reflex oscillator used in 
radar receivers a change of + 10 to 
15 Mc/s could be obtained in this 
way in the centimetre wave band be- 
fore the power output dropped to one- 
half, and particularly at 3 cm. was 
almost indispensable for rapid auto- 
matic frequency control. 

The theory of this, too, has been 
worked out, at least for the less com- 
plicated systems, and it is interesting 
to note that for similar conditions the 
absolute frequency change obtainable 
is roughly independent of mean fre- 
quency, so that the proportional 
change might be made quite large 
at low mean frequencies. To get a 
large frequency swing by such means 
it is desirable to keep the total equiva- 
lent circuit capacity as low as possible, 
the operating current as high as 
possible and the bunching efficiency 
as great as possible. The best circuit 
so far available to meet the first point 
is that shown in Fig, 9, in which the 
gaps are effectively in series in a 
single circuit and the total capacity is 
of the order of half the capacity 
across one gap. Such circuits are, 
however, inconveniently large, ex- 
cept at the very shortest wavelengths, 
and a quarter-wave coaxial-line cir- 
cuit (such as would be obtained by 
bisecting Fig. 5) can give very useful 
results. 

A particularly large frequency 
change is obtainable if such a system 
is used as a reflex oscillator so that 
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we have effectively two modulating 
gaps and two working gaps. Changes 
in the region of 10 per cent. in fre- 
quency have so been obtained. The 
limits are, of course, set by the fact 
that if the bunch leads or lags behind 
its normal value too much it does not 
transfer so much energy, and after a 
phase change of 90° would not trans- 
fer any energy at all. 


The author wishes to express his 
indebtedness for such knowledge as 
he has of velocity-modulation to the 
past and present members of the elec- 
tronics group at Standard Telephones 
and Cables, with whom he was pre- 
viously associated under the direction 
of Mr. E. H. Ullrich, and especially 
to Messrs, D. P.' R. Petrie, C. 
Strachey, P. J. Wallis and Dr. S. G. 
Tomlin, who were between them 
responsible for the cevelopment of a 
great part of the quantitative theory 
on which this outline has been based. 


The excellent degree of collabora- 
tion between different laboratories 
working on velocity modulation tubes 
during the war was also of incalcul- 
able value and a list of those who 
have helped to improve the author’s 
understanding of the subject would 
be practically coextensive with a list 
of those working upon it. As it would 
be impossible to single out one rather 
than another it is desired to offer 
general thanks equally to everyone 
concerned. 


The work on which this paper is 
based was carried out under research 
contract for the Director of Scientific 
Research, Admiralty, and the author 
wishes to thank the Board of Admir- 
alty for permission to publish. 
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JUNE MEETINGS 


The Institution of Electrical Engineers 
Southern Centre 

Date: June 18. Time: 7 p.m 

Held at: The Royal Aircraft " Establish- 
ment, Farnborough. 

Lecture: ‘‘ Frequency Modulation.” 

By: K. R. Sturley, Ph.D., B.Sc. 

Hon. Secretary: W. M. Read, The Oaks, 
Ashurst, Southampton. 


The Institute of Physics 


Electronics Group Summer Meeting 


Date: June 14. Time: 2.30 p.m. 
Held at: Fyvie Hall, The Polytechnic, 
309, Regent Street, London, W.1. 


Discussion on: ‘ Thermionic Emission 
from Oxide-Coated Cathodes.”’ 

‘* Review of Experimental Work.”’ 

By::. Dr, .F.. A. Vick, O.8.E., :-F-Inst.P. 

‘“ Factors limiting Current Density.’’ 

By: D. A. Wright, M.Sc. 

‘The Chemistry of 
Cathodes.”’ 

By: A, J. H. Darlaston, B.A., F.C.S. 

Hon. Secretary: A. J]. Maddock, ‘‘ Sira,’’ 
South Hill, Chislehurst, Kent. 


July Conference 


A Conference is being arranged on 
‘* Applications of Radioactive Tracer 
Elements in Physics Research and In- 
dustry,’” from 2 p.m. on Thursday, July 
10, to rtoon on Saturday, July 12, in the 
Physics Department of Manchester Uni- 
versity. Dr. J, D. Cockcroft, C.B.E., 
F.R.S., Prof. F. Paneth, F.R.S., and 
Mr. D, H. Wilkinson, will give the open- 
‘ing papers. The Conference will be open 
to anyone interested, without charge, but 
admission will be by ticket only. 

Further particulars may be obtained 
from the Conference Secretary, who will 
be pleased to receive suggestions for papers 
or contributions to discussions. 

Conference Secretary: W. J. Meredith, 
F.Inst.P., Christie Hospital and Holt 
Radium Institute, Wilmslow Road, Man- 
chester, 20. 








A three-dimensional | pit tan on a cathode 
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Radio’s Conquest of Space 


D. McNicol (Past President, I.R.E.) 364 pp. 
oe by Murray Hill Books Inc., N.Y. 


Mr. McNicol has grown up with radio 
engineering. He constructed a_trans- 
mitter and receiver in 1900 and was 
president of the Institution of Radio 
Engineers at a time when the full pos- 
sibilities of radiocommunication were 
being realised. 


In ‘* Radio’s Conquest of Space,’’ he 
has combined his own personal recollec- 
tions with a carefully writtten account 
of all the important steps which led to the 
world-wide use of radio. 


It is in reading a book of this type 
that one realises how young radio really 
is. The mind recalls the hours spent in 
finding the most sensitive spot on a crystal 
detector, the careful adjustment of fila- 
ment current in the early bright emitters, 
and the weird and wonderful designs for 
honeycomb coils. And even in the short 
time that has elapsed since Marconi sent 
his ‘‘ S ’’ over the Atlantic, the wheel has 
come round—the crystal detector, the re- 
flex circuit are with us again. Soon 
someone will reinvent the coherer, and 
we shall say ‘‘ This is where we 
came in.’’ 


The author is at pains to mention all 


those who made their contributions to the: 


advancement of the science. He mentions 
that one of the earliest publications on 
wireless telegraphy appeared in 1898—a 
small book by Richard Kerr, which must 
now be a very rare collectors item. An 
equally rare item, which may be news 
to the author, is a privately printed 
‘* History of Wireless Telegraphy ’ 
written by Silvanus Thompson in 1911 in 
connexion with the Lodge-Muirhead 
petition for the renewal of the patent of 
1897 for ‘‘ syntonised telegraphy ’: a 
year before Marconi’s use of tuned cir- 
cuits. 


In his concluding chapter ‘“‘ The Ex- 
panding Sphere of Radio’ the author 
brings us to the development of radar and 
holds the balance well between the British 
and American contributions to this branch. 
This spirit of fairness is manifest through- 
out the whole book. Dr. McNicol has 
set out to trace the evolution of radio as 
a disinterested observer, paying tribute 
where tribute is due, and free from any 
national bias. 


How different from the partisan writings 
of some of his fellow-countrymen, who are 
so intent on claiming ‘“‘ firsts ’? that they 
refuse to recognise that science has no 
nationality and that the greatest scientists 
have always been the most modest ! 


This is a good book and an authoritative 
book, and will be read with pleasant 
memories by all old-timers in the radio 
industry, 


June, 1947 





BOOK |R 


Communication Through the 
Ages 
A. Still, M.I.E.E. 194 pp. Murray Hill Books, 
$2.75. 


Dr. Alfred Still’s book on Communica- 
tion through the Ages covers the field in 
in wider sense, and leads us to radio 
through “‘ drums, fire, and smoke,’’ rays 
of light, and finally, sparks of electricity. 

In his opening chapter he defines his 
aim as not merely to tell the story of 
the conveyance of messages through the 
ages, but to discuss the whole question 


of communication between man. After 
telegraphy came speech, after speech 
came vision, after vision—what? ‘‘ The 


more whimsical radio engineer might dis- 
cover something new . . He might 
discover a new manner of communication, 
another and _ hitherto undreamed-of 
channel through which civilisation could 
advance.”’ 

The last chapter on Communication 
without Words touches on the subject of 
telepathy, on which the author remarks 
‘it can be stated without fear of contra- 
diction that we know nothing whatever 
about it,’’ and then contents himself with 
a brief survey of the experiments to date. 

Throughout his lucid account of the 
development of communication Dr, Still is 
always ready to add enlivening touches to 
the narrative. 

He also has something to say about the 
partisan claimant for honours for his 
country: ‘‘ Let us by all means give 
credit to the pioneers and glorify those 
who deserve glorification, provided always 
that this can be done without unduly em- 
phasising the ‘symbolic virtues of the 
coloured bunting to which they have 
sworn allegiance.” 

In the chapter on ‘‘ Pioneers,’? Henry, 
Morse, Cooke, and Wheatstone, the 
author echoes the generally accepted view 
that without Cooke’s aid it is doubtful 
whether Wheatstone would have made a 
success of the telegraph, although as in 
the case of the Bridge, most of the credit 
was given to Wheatstone himself. 

In reading through a book of this type 
it is difficult to refrain from quoting (and 
reading aloud, if one has an audience) 
many of the happier phrases. A last one 
will suffice to sum up the state of the 
art at the present time: 

‘* Apart from being admirably suited to 
the purpose of spreading unrestricted 
propaganda, disseminating political false- 
hoods, and enriching advertisers, radio 
broadcasting serves many a useful and 
laudable purpose,”’ 

Both these books are worth buying and 
keeping—the first for a fair and accurate 
account of the growth of our profession 
and the second for its entertaining style 
and stimulating treatment. 


G. Parr. 
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« Drafting for Electronics ”’ 


L. F. B. Carini. (McGraw-Hill Book Co. 
Inc.). xi plus 211 pages. 186 figures. 
$2.50. 


Owing to the increasing complexity of 
modern electronic apparatus, the’ import- 
ance of clear circuit diagrams, in which 
the primary aim is the ease of under- 
standing the operation of the circuit, is 
becoming more and more widely recog- 
nised. As a result of this, the Services 
have issued a book of standard symbols 
which contains, for the first time, a set 
of ‘‘ recommendations to draughtsmen ”’ 
regarding the arrangement of the symbols 
in a diagram. 

The title of the book under review 
suggested that it might contain similar 
recommendations, modified necessarily by 
the difference between American and 
British conventions. The reviewer, having 
been actively concerned with the prepara- 
tion of the British publication mentioned 
above, was disappointed when he found 
that the author sets out only to show 
draughtsmen with little knowledge of 
electronics how to draw circuit-diagrams 
neat enough to meet with the approval of 
a non-electronic drawing office.. 

Two quotations will show this :— 


p-70. ‘‘ The graphic draftsman should 

strive to observe certain accepted rules 

Of prime consideration among 

them is background area. In a schematic 

drawing of a circuit this refers to the 

regularity of spacing about each of the 
graphic symbols.” 

p.103 (discussing parallel leads) ‘* In 
extending the common connecting leads 
(ground, B+ and bias) that must 
traverse the lower section, an equality of 
spacing should be maintained between 
them to afford uniformity and ease in 
tracing.”’ (The italics are the re- 
viewer’s). 

It is universally agreed that a number 
of equally spaced leads is very confusing ; 
the author has thus subordinated clarity 
to drawing-office conventions. 

Half the book is devoted to general 
drawing-office methods such as the use of 
drawing instruments, etc. A long chapter 
on the use of various’ kinds’ of 
graphical representation (called surprisingly 
‘“* Graphical Integration ’’) is included. 

The rest of the book contains the special 
information appropriate to its title. This 
part will be examined in more detail. 

A chapter on symbols lists the recom- 
mendations of the American Standards 
Association (A.S.A.). One _ general 
difference between B.S.I. and A.S.A. 
symbols is that the latter miake use 
of a uniform thickness of line for 
drawing the connecting leads and the 
symbols (for example, anodes and con- 
denser plates are not thick), This A.S.A. 
convention could be used with advantage 
in this country for preliminary sketches, 
as it saves much time. 
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Another point of difference is that the 
A.S.A. allows the configuration of a cross 
and dot for showing that leads cross in 


contact, while B.S. 
530-1937 forbids this 
and insists ‘on ‘‘ stag- 


gered cross-roads.’’ (See 
sketch.) Incidentally, the B.S.I. rule is by 
no means sufficiently well-known in this 
country. 

The authors’ attitude towards the duties 
of the circuit-draughtsman is made clear 
by the following quotation from p.118. 

He is discussing the convention (used 
by some American Power Engineers), of 
drawing the principal voltage-supply lines 
in order of their potential differences above 
earth, as compared with that of drawing 
the H.T. line below earth (used by 
American Radio Engineers). ‘* For the 
sake of standardisation, the procedure as 
applied in radio practice is to be preferred. 
This is also the most simple and ex- 
peditious for the draftsman, who should 
not have to worry over the matter of 
maintaining correct potential levels as he 
continues to expand his circuit. After all, 
he is not paid to be an electrical engineer.’ 

Apparently the author does not envisage 
the re-arrangement of a drawing by some- 
one who understands the operation of the 
circuit. 

Some examples of the re-drawing of 
rough sketches are given. In one of these 
(on page 100) some good points in the 
sketch are spoiled in the final drawing. 

An unfortunate mistake has been made 
in the re-drawing of Fig. 123—a_phase- 
sensitive rectifier circuit—in order to avoid 
a triple cross-over of leads. The associated 
electrodes in a double diode have been 
accidentally transposed and the ‘ im- 
proved ”’ circuit won’t work. 

The author persistently states simpl 
facts in an involved and grandiloquent 
manner, For example :— 


(p.136) ‘‘ For the matter of reference, 
specific information, whether categoricai 
or hypothetical, when compiled for 
factual use and upon which an_ infer- 
ence is based, is known to the tech- 
nical man as data.” 

This habit sometimes leads him astray 
when, for instance, describing polar-co- 
ordinate paper, he says :— 

p-156 ‘‘ The origin, being consistent 
to the centre, is the basis for measure- 
ments that are located as points within 
the periphery. Since a point is noted 
according to its distance from the origin 
O, the location must also produce the 
equivalent of a scalene triangle with the 
O axis, which is the basis for calculating 
complex values.”’ 

The book has yet to be written which 
will tell its reader how to draw diagrams 
with the sole object of explaining the 
operation of circuits. 


L. H. BainsripGE-BELL 
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High-Power Television 
Transmitters 


(Continued from page 184) 


the attenuation of such cables is 
usually high compared with concen- 
tric copper tube and open wire types 
of transmission line, being roughly 
0.3 db. per 100 ft. at 50 Mc/s., as com- 
pared with a probable o.1 db, per 
100 ft for the two latter types. 
Furthermore, the power rating of 
commercially available cables appears 
to be restricted to a maximum of some 
8 to 10 ‘KW at 50 Mc/s. which rules 
out their immediate use in the higher 
power field. The present choice in 
this field thus lies between the con- 
centric copper tube feeder with a Z, 
in the region of 70 to 80 ohms and 
either a 4-wire balanced or a 5-wire 
unbalanced open wire line with a Z, 
in the region of 300 ohms, 

The construction, routeing and 
supporting of lines of these three 
types requires careful consideration if 
serious impedance irregularities are 
to be avoided; the difficulty is prob- 
ably more pronounced in the copper 
tube concentric type due to the neces- 
sity of joints and junction boxes and 
of discretely spacing the relatively 
large number of conductor spacing 
insulators along the length of the 
line. (It is therefore likely that 
serious consideration will be given to 
the use of open wire lines both on the 
score of more suitable technical 
characteristics and cost of construc- 
tion, For example, an arrangement 
which shows considerable possibilities 
is an open wire line of the 4-wire 
balanced type in which the number of 
conductor spacing insulators and sup- 
porting points is reduced to a bare 
minimum by stringing the line verti- 
cally, under considerable tension, 
down the inside of the mast structure. 
The main impedance ‘irregularities 
can then be restricted to the point at 
the base of the mast where the line 
changes its direction from vertical to 
horizontal and at the insulator where 
the line enters the building. Some 
additional supports would be neces- 
sary to prevent changes on the rela- 
tive disposition of the wires, due to 
wind, which might give rise to random 
modulation of the radiated signal. 

A further advantage of a balanced 
as distinct from an unbalanced line is 
that in most cases the aerial itself will 
be some form of balanced dipole so 
that the use of an aerial matching 
transformer designed to convert from 
balanced to unbalanced as well as to 
provide the usual impedance trans- 
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formation and reactance correction, 


‘is avoided. 


The fact that the characteristic 
impedance of open wire lines is 
relatively high means that as a general 
rule the transmitter output coupling 
circuit would need a parallel tuned 
secondary, while with a concentric 
line or cable a series tuned secondary 
would be the most convenient for 
obtaining the appropriate value of 
secondary circuit Q for the bandwidth 
response required. 

It seems fairly certain that 
eventually the -best solution of the 
feeder problem lies in the develop- 
ment of a _ semi-flexible low loss 
cable having a characteristic imped- 
ance of some 50 to 60 ohms, which is 
maintained uniformly throughout its 
length, and capable of transmitting a 
power of the order of 50 KW con- 
tinuously at 60 Mc/s. when feeding 
an accurately matched load. 

It should be mentioned here that 
while it is practicable to design an 
aerial and transmission line system 


which presents to the transmitter out-’ 


put a load impedance which remains 
a constant resistance within limits of 
between 5 to 10 per cent. over band- 
widths of the order of 3.0 Mcs., it is 
inevitable that with wider bandwidths 
the impedance will show a substantial 
variation towards the extremes of the 
sideband range. 

The form of the load impedance/ 
frequency characteristic presented to 
the transmitter is important from the 
point of view of obtaining the best 
overall performance conditions in 
respect to the sideband frequency 
response from the output stage, 

A general consideration of the 
problem indicates that for any given 
power output at the carrier frequency 
and given limits of impedance varia- 
tion the best overall response and 
operating condition is obtained if the 
output coupling circuit is designed to 
be ‘‘ maximally flat’? (for a con- 
stant resistance termination) and the 
load impedance, presented to its out- 
put terminals by the transmission line, 
falls symmetrically on either side of 
the carrier frequency. Further, the 
reactive component of this impedance 
should preferably be positive at the 
upper and negative at the lower side- 
band frequencies. 

Such a condition of symmetry is 
more likely to be obtained if any 
filters or matching circuits used in 
the transmission line system are of 
the band pass type constructed from 
line sections, while the inverting 


(See next column) 
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An Electron Multiplier 
Improvement 


N some types of secondary emission 

electron multipliers a secondary 
emitting electrode has in front of it an 
anode or collector consisting of a 
grid. This anode, being at a higher 
potential than the secondary emitter 
draws off secondary electrons and 
eventually collects them after they 
have done perhaps one or two oscilla- 
tions back and forth through the gaps 
in the grid. The electrons projected 
through the gaps can, if the gaps are 
narrow, or the potential difference 
between the anode and_ secondary 
emitter low, return to the secondary 
emitter and get lost, 

It has been found that this dis- 
advantage can be overcome if the 
secondary emitter is provided with 
ribs or otherwise roughened surface, 
the ridges being comparable in dimen- 
sions with the distance from the 
emitter to the collector. The wire of 
the grid forming the collector may 
be aligned with the ridges in the 
emitter surface, Further, the spacing 
between the secondary emitter and the 
anode may be made smaller than the 
separation of the wires forming the 
collector. By using these features 
either separately or in combination 
it is possible to introduce sufficient 
change in the direction of motion of 
the electrons on returning towards 
the emitter that they can no longer 
teach it and be absorbed on it. 

Communication from E.M.I. 
Laboratories 





property of a } wave line section can 
be used to convert a symmetrically 
rising impedance/frequency charac- 
teristic into the preferred falling one. 
There are many other problems of 
circuit and general mechanical design 
which it is beyond the scope of this 
article to discuss. Nothing has 
been said of the many difficulties 
involved in the design of wide band 
transmitting aerials or the conflicting 
requirements of high-power wide 
band vision modulators, Suffice it to 
say that as with the transmitter itself 
they each require their own special 
technique in which _ substantial 
advances are likely now that tele- 
vision is once again on our screens. 
Correction. 
In Part | of this article the statement on Fig. 4: 
Qs = 2Qr should read: Qr = 2Qs. 


A dR CrReRORES 


AE AR OI 


? 





Jt 








er 


ission 
dary 
it an 
of a 
igher 
1itter 
and 
they 
mlla- 
gaps 
-cted 
; are 
ence 
dary 
dary 


dis- 
the 
with 
ace, 
1en- 
the 
e of 
may 
the 
‘ing 
the 
the 
the 
res 
ion 
ent 
of 
rds 


yer 


Ee 


lly 
ac- 


ne, 


gn 
his 
las 
ies 
nd 
ng 
de 


olf 
‘al 


le- 
is. 


Electronic Engineering 





Over to you! Designed tor rapid 
inter-com and widely used in aircraft. The 

Type 40/1542 is a simple two-way switch, spring biased so 
that it automatically returns to one position, normally used for 
speech. To listen the user rotates and holds in Position 2. 
This switch will find wide uses in civil aircraft and for 
inter- office communication on subsidiary stations. 

WALTER INSTRUMENTS LIMITED, GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421 - 2 - 3 


WALTER Type 4 


ty 
?d¢ for 











THE .SWITCH OF OVER 2,000. ASSEMBLIES 


C.R.C.18 





XV 








xvi 


Electronic Engineering 


June, 1947 


NOTES FROM THE INDUSTRY 


New Company Formed by 
Mullard Wireless Service Co. 

A new company, to be known as 
Electronic Transmission Equipment, 
Ltd., has been formed by the Mullard 
Wireless Service Co., Ltd. It will 
take over the present communications 
activities of Radio Transmission 
Equipment, ‘Ltd., in the new labora- 
tories and works at Brathway Road, 
Wandsworth, $.W.18. The products 
developed and manufactured will be 
marketed through the Communica- 
tions Division of the Mullard Wire- 
less Service Co., at Century House, 
which will be under the management 
of Mr. E, E Jones 

The Production Crisis 

A series of attractive ‘‘ Production 
Boosters ’’ designed for wage packet 
propaganda are being issued by 


Messrs. Pipe-Waples Services, 17 
Pear Close, Colindale, N.W.o. 
Each ‘booster ’’ for circulation 
among employees is intended to 
rivet attention on vital aspects of 
the economic crisis. Inquiries on 


official letterheads and enclosing a 
stamped addressed envelope are in- 
vited from business executives, 


Summer School in X-Ray 
Crystallography 


It is announced that a course will 
be held in the College of Technology, 
Sackville Street, Manchester 1, and 
that a Summer School will also be 
held in Cambridge, from September 
1-12, 1947. The Manchester School 
will be devoted to the methods and 
application of X-ray crystallography 
as such, and the Cambridge School 
will be concerned with Metal Physics, 
and will treat X-ray methods as one 
of the means for examining problems 
of the metallic state, 

Full details can be Gbtained from 
the Secretary, Extra-Mural Depart- 
ment, The University, Manchester, 


13. 


Vibrators 


report on the Physical 
Society’s Exhibition which appeared 
in last month’s issue, the illustration 
of a vibrator was wrongly ascribed to 


In the 


the Wimbledon Engineering Co, The 
photograph was supplied by The 
Plessey Co., Ilford, who also 


exhibited vibrators, 


BEAMA 

The annual report of the Council 
of the British Electrical and Allied 
Manufacturers’ Association for 1946-7 
has just been issued. Mr, E. C. 
Holroyd, of Crompton Parkinson, 
Ltd., was unanimously re-elected 
chairman of the association for the 
session 1946-7, and Sir Harry Railing, 
of the General Electric Co,, Ltd., was 
re-elected vice-chairman for the 
period, The new director of the 
association is Mr. B. H, Leeson, 
O.B.E., M.I.E.E., who took up office 
last October. In a review of the trade 
position the report states that in spite 
of shoitages of materials and many 
other difficulties which beset the 
industry during 1946 progress was, 
nev ertheless, made in electrical manu- 
facture, The numbers employed have 
increased by 63 per cent., and it is 
interesting to note that 480,000 


workers are now engaged in the 
industry, of which 160,000 are on 
electrical engineering, 265,000 on 
cables, apparatus and lamps, and 
55,000 On Wiring, contracting and 
erection, 





Muirhead Magslips 


For Measurements and Controls where you want them 





Designed by the Admiralty Research Laboratory and so widely used for war 
time service applications, these devices are now available for all. 

Muirhead Magslips, which are backed by twelve years of manufacturing ex- 
perience, may well solve many of your remote control and indication 


problems. 


Details in Bulletin B-580, sent on request. 


MUIRHEAD 


Muirhead & Company Ltd. Elmers End, Beckenham, Kent. 
Beckenham 0041-2. 





Telephone : 
FOR OVER 60 YEAR 


DESIGNERS AND MAKERS OF PRECISION 








INSTRUMENTS 








CRC 57d 


GooD 
RESISTANCE 
USERS! 


BERCO Resistors and Potentiometer- 
rheostats are again available with 
moderately quick delivery. 


The new 108-page BERCO Technical 
Catalogue gives detailed specifications, 
dimensioned drawings and illustrations 
of the widest range of fixed and 
adjustable resistances manufactured in 
this country. 
copy will be sent in response to your 
request on your business notepaper. 
Our engineers will be glad to co- 
operate with you in the application of 
resistors in your new equipment. 


NEWS FOR 


Your complimentary 


THE BRITISH ELECTRIC RESISTANCE 
COMPANY LIMITED, 


London Sales Office: 329 High Holborn, 
W.C.I 
Phone: HOLborn 2994, 
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See “em off, boy! 


Spire fixings replace nuts and washers. But they do 
far more than that. For any assembly problem 
there’s probably a Spire solution that will be 
speedier and surer than any other. There 
are Spire nuts, clips and gadgets of all 
imaginable shapes. Over 350 of them 
and fresh ones being devised every day 
to meet somebody’s special need. 
Shall we have a shot at a Spire 


fixing for you ? 


0 @? 
££ @ 
(o) 





THAT'S Fixed THAT! The “doggie” looking Spire 
fixing illustrated above is actually made for a motor-car 
manufacturer to hold door trim in position. 
The Electrical Industry thinks highly of the Coil Former 
support — Spire Fix No. S01652— shown in the small 
picture. It provides the simplest and quickest assembly, 
the firmest support. The core-adjustment is a matter of 
of a turn of the screw, and when made is securely held 
by the Spire impression on the bottom of the support. 
Available in various sizes. (To make its operation 
quite clear, we have shown this Spire fixed to a 
transparent plate.) 





% A BETTER way of fixing 


SIMMONDS AEROCESSORIES LIMITED . SIMMONDS AEROCESSORIES LIMITED 


12 





xviii 


Partridge Hews 


INDIVIDUAL DESIGN 


PARTRIDGE Precision Built TRANS- 
FORMERS wound to suit individual 
requirements now incorporate:— 
Silver-plated turret terminals giving 
a low potential drop and carrying u 
to ISamps. Adequate room on eac' 
for easy soldering of several external 
circuit wires. 


Firm clamping of the laminations by 
means of scientifically designed pres- 
sure die-castings. 


Interlocked fixing feet providing 
alternative mounting. 


AVAILABLE STOCK 


A comprehensive range of mains and 
audio components is now available 
from stock, and we can despatch 
small quantities of these per return. 
We would stress that before order- 
ing you send for our list detailing 
these components. Our stock range 
now covers almost all normal re- 
quirements, and by availing yourself 
of this service you will save the 
inevitable delay in the production 
of aspecial component. We shall be 
pleased to send you our stock list 


upon receipt of your address. 
Telephone: 


PARTRIDGE 
TRANSFORMERS LTD 


76-8, PETTY FRANCE, LONDON, S.W.I. 









AND ACY 


THE TRIX ELECTRICAL CO LTD 
1-3 MAPLE PLACE-TOTTENHAM COURT ROAD-LONDON wt 
TELEPHOWE . MUSEUM S8'7 GRAMS £ CABLES TRIXADIO.WESOO LONDON 








Electronic Engineering 


Head Office: Eastwood, Hanley 
Staffs., London : 125, High Holborn, 
W.C.1. Factories at Hanley, Stone 
and Longton. Staffs. Phone : Holborn 
1951-2 and Stoke-on-Trent 5272-4, 
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RELIANCE 
POTENTIOMETERS 





Type T.W: 


Continuous Wire:Wound 


Type T.T. 


Rating: 


5 watts (linear) 
3 watts (graded) 


Ranges: !0-100,000 Q linear Max. 
BES * 100-50/000.0 graded 
100-10,000 Q Non-inductive 
Characteristics : 
Linear, tapered, graded, log., semi-log, 
inverse log., non-inductive, etc. 


Write for full details to: 


RELIANCE 


Manufacturing Go. (Southwark) Ltd. 


Sutherland Road, Higham Hill, 
Walthamstow, E. 17 


Telephone: — Larkswood 3245 




















NOW IN STOCK 


RADIO HANDBOOK 


The leading American 
Amateur Radio textbook! 
CONTENTS : There are 28 Chapters dealing with— 


INTRODUCTION TO RADIO @ FUNDAMENTAL 
ELECTRICAL AND RADIO THEORY @ VACUUM 
TUBE THEORY @ RADIO RECEIVER THEORY 
RADIO RECEIVING TUBE CHARACTERISTICS 
RADIO RECEIVER CONSTRUCTION @ TRANS- 
MITTER THEORY @ RADIO TELEPHONY THEORY 
FREQUENCY MODULATION @ TRANSMITTING 
TUBES @ TRANSMITTER DESIGN @ EXCITERS 
AND LOW _ POWERED TRANSMITTERS 
MEDIUM AND HIGH POWER R.F. AMPLIFIERS 
SPEECH AND MODULATION EQUIPMENT © 
POWER SUPPLIES @ TRANSMITTER CONSTRUC- 
TION U.H.F. COMMUNICATION @ U.H.F. 
RECEIVERS AND TRANSCEIVERS @ _ U.H.G. 
TRANSMITTERS ANTENNA THEORY AND 
OPERATION @ DIRECTIVE ANTENNA ARRAYS 
U.H.F. ANTENNAS @ TRANSMITTER ADJUST- 
MENT TEST AND MEASURING EQUIPMENT 
THE CATHODE RAY OSCILLOSCOPE @ WORK- 
SHOP PRACTICE @ BROADCAST INTERFERENCE 
RADIO MATHEMATICS AND CALCULATIONS 
APPENDIX @ INDEX 


The above text occupies over 600 pages. 


Illustrations and details of principal American 
products are given in a special 100-page. ‘ Buyers 
Guide’ 


This—the 10th Edition of the Radio Handbook has 
been fully revised and brought up-to-date. 


PRICE | 5/- 

ORDER from Authorised Distributors :— 

DALE INTERNATIONAL 
Publications, Ltd., 


105, Bolsover Street, LONDON, W.1. 
Telephone : MUSeum 1023. 
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CLASSIFIED ANNOUNCEMENTS 


The charge for miscellaneous advertisements on this pag 
count as four words, plus I/- extra for replies. R 
Hulton Press, Ltd., 43 Shoe Lane, E.C.4. 





e is 12 words or less, 5/- and 4d. for every additional word. 
t hould advertisement. 


Box numbers 
Cheques and P.O.’s payable to 


Replies to box numbers should be addressed as above, marked “‘ Elec. Engg.” Press 


date: 10th of month for following issue. 





FOR SALE 
IN STOCK. Rectifiers, Accumulator Chargers, 
Rotary Converters, P.A. Amplifiers, Mikes, Mains 


Transformers, Speakers of most types, Test Meters, etc. 
Special Transformers quoted for.—University Radio, 
Ltd., 22, Lisle Street, London, W.C.2. GER. 4447. 


TRANSFORMER LAMINATIONS. Quantity of 
M.E.A. Laminations No. 8 and 188 in radio metal. 
Any reasonable offer considered. Box o21, “ Elec. 
Engg.” 

50 MICROAMPERE (75mV) 3% in. square type 
meters. Multimeter scaling. £5 each. BCM/Alfonics, 
London, W.C.r. 


A GIFT. Cathode ray tube oscilloscope ex W.D. in 
good condition and working order. Containing 23 in. 
tube, also 3-valve amplifier. 5 variable controls. 
Complete in steel cabinet. Limited stock. Order 
early. Only £3 plus 5s. carriage. Also aerial coupling 
units in cast aluminium case containing short-wave 
variometer and an 0-200 thermo couple milliameter. 
Only 27s. 6d. plus postage. S.A.E. List other bargains. 
Amateur Radio Service, G6HP, Canning Street, 
Burnley. 


TANNOY RADIOGRAM quality receiver. 
output. Requires slight attention. £35. 
Wallington 2779. : 
APPROX. 50 Rotary Convertors, heavy duty. trav. 
D.C. input. Output 5oo0v. 50 ma. min. Also 275v. 
110 ma. min. 25s. each. Box 036, “ Elec. Engg.” 


APPROX. 200 Rotary Convertors. 12v. D.C. input. 
Output 480v. at 40 ma. or 4oov. at 80 ma. min. Some 
complete with gear boxes and spark suppression filters. 
17s. 6d. each. Box 037, ‘“ Elec. Engg.” 


RADIUM SPINTHARISCOPES, showing proof 
and effect of atoms continuously exploding, by 
numerous powerfully expelled completely invisible 
alpha particles causing unceasing show of brightly 
flashing points of light, on hitting round luminous 
screen viewed through magnifying lens. Continuous 
action, radium remains active a thousand years; 
compact well-made all-metal instrument, nickel tube 
2 in. long, 1 in. diameter, can be taken to pieces for 
viewing parts. Registered post free 30/- inclusive 
interesting leaflet on atom radioactivity—CEFA 
INSTRUMENTS, 38a, York Street, Twickenham, 
Middlesex. POPesgrove 6597. ‘ 
PHOTO-ELECTRIC CELLS. 67 forsale. Brand new. 
Baird’s type GS 26. Offers invited for lot. Victor 
Laurence and Co., 10 D’Arblay Street, Wardour Street, 
W.1. GERrard 8793. 


LOUDSPEAKERS 


LOUDSPEAKERS—We carry on. Sinclair Speakers, 
12, Pembroke Street, N.1. 

LOUDSPEAKER repairs, British, American, any 
make, moderate prices.—Sinclair Speakers, 12, 
Pembroke Street, N.1. 


P.X.4 
*Phone 


MISCELLANEOUS 


WE WILL BUY at your price used radios, amplifiers, 
converters, test meters, motors, pick-ups, speakers, 
etc., radio and electrical accessories. Write, phone or 
call, University Radio Ltd., 22, Lisle Street, London, 
W.C.2. GER. 4447. 


THE NAME TO NOTE for all kinds of radio and 
electrical metalwork to specification, modern rust- 
proofing, all shapes and sizes undertaken, and for 
trqpical use. Components and sub assemblies executed 
to meet recognised wiring and material standards. 
Consultation, advice without obligation. Write: 
Department O1, Sea Rescue Equipment Ltd., Chiltern 
Works, Clarendon Road, Watford, Herts. 


PHOTOGRAPHY BY BEHR’ will show your 
| irs at its best. Ask for illustrated list. 44, Temple 
ortune Lane, London, N.W.11. SPEedwell 4298. 


MONOMAREKS. Permanent London Address. Letters 
redirected. Confidential. 5/- p.a. Royal Patronage. 
Write Monomark BCM/MONO4S, W.C.r1. 


WEBB’S Radio Map of the World enables you to 
locate any station heard. Size 40 in. by 30 in. 2-colour 
heavy Art Paper, 4/6, post 6d. Limited supply on 
Linen, 10/6, post 6d.—Webb’s Radio, 14, Soho Street, 
GERrard 2089. 








MORSE Practice Equipment for Class-room or 
Individual Tuition. Keys Audio Oscillators for both 
battery or main operation. Webb’s Radio, 14, Soho 
Street, London, W.1. ’Phone: GERrard 2089. 


WE HAVE THE Largest Stock of English and 
American radio bdoks in the country, including many 
now out of print. Write or call for complete list. The 
Modern Book Co. (Dept. E.E.), 19/23, Praed Street, 
London, W.2. (PAD. 4185). 


IT IS DESIRED to secure the full commercial 
development in the United Kingdom of BRITISH 
PATENT No. 558826, which relates to radio receivers, 
either by way of the grant of licences or otherwise on 
terms acceptable to the patentee. Interested parties 
desiring copies of the patent specifications should 
apply to Stevens, Langner, Parry and Rollinson, 5/9, 
Quality Court, Chancery Lane, London, W.C.2. 


IT IS DESIRED to secure the full commercial 
development in the United Kingdom of BRITISH 
PATENT No. 559095, which relates to radio amplifiers, 
either by way of the grant of licences or otherwise on 
terms acceptable to the patentee. Interested parties 
desiring copies of the patent specifications should apply 
to Stevens, Langner, Parry and Rollinson, 5/9, Quality 
Court, Chancery Lane, London, W.C.2. 


RADIO AND ELECTRONIC Repairs carried out 
under laboratory conditions ; all types of equipment ; 
collection in London area; trade’ service by arrange- 
ment; Custom-built receivers and amplifiers to your 
requirements; calibration and development work. 
B.E.1., 231, Montrose Avenue, Welling, Kent. 


BERRY’S (SHORT WAVE) LTD.—for quality 
products—not ex-Government surplus. — Illus- 
trated catalogue 6d. post free. If you have had 
our catalogue, send stamped addressed en- 
velope for latest additions. 

25, High Holborn, London, W.C.1. 


TELE-RADIO (1943) LTD. for high grade radio 
and electronic components. Suppliers to the Govern- 
ment, Services, Universities and Training Colleges, 
Local Authorities (for own use), Industrial Organisa- 
tions, etc. Buyers requiring components in a hurry will 
find it quicker and more economical to phone PADding- 
ton 6116 (quoting official order number). Goods can be 
despatched usually same day. Tele-Radio (1943) Ltd., 
177, Edgware Road, London, W.z. 


TELE-RADIO DEVELOPMENT LTD. Suppliers 
to the Government of communication and electronic 
prototypes. Ample facilities available for development 
and construction where imaginative design and highest 
grade workmanship are of paramount importance. 
Specialists in miniaturisation. Tele-Radio Develop- 
ment Ltd., 177, Edgware Road, London, W.2. PAD. 
6116. 


OFFICIAL APPOINTMENTS 


BRITISH BROADCASTING CORPORATION. 
Applications are invited for the post of engineer in 
Lines Department based at Manchester after pre- 
liminary training in London. Applicants should possess 
a University degree in physics or electrical engineering 
(or equivalent qualifications). They should have had 
wide practical experience and have a‘sound theoretical 
knowledge of distortion correction for all types of 
music circuits and television lines used for the trans- 
mission of music, as well as voice frequency and 
carrier telephony. The successful applicant will be 
responsible for lines work in North Wales and the 
whole of the Northern part of England. Salary on 
appointment will be dependent on qualifications and 
experience and subject to favourable report will rise 
thereafter by annual increments to a maximum of 
£945 per annum. Applications stating age, qualifica- 
tions and experience should reach the Engineering 
Establishment Officer, Broadcasting House, London, 
W.1., within 14 days of the appearance of this advertise- 
ment. 


SITUATIONS VACANT 
PHYSICISTS and electrical engineers required for 
work on radar and radio navigational equipment. 
Experience in radio research or development is essential 
an honours degree desirable. Several vacancies exist 
within the salary range £400-{900, dependent on 
qualifications and experience. Application forms are 
obtainable from the Personnel Manager, Ferranti Ltd., 
Ferry Road, Edinburgh 5. . ‘4 





TELECOMMUNICATIONS ENGINEER wanted 
by company of repute in London district to take charge 
of division engaged in development of carrier equipment 
for overhead, Multicore and Coaxial Cables and radio 
circuits. Must have excellent technical training 
(preferably post graduate degree) and _ several 
years industrial experience. Salary comparable with 
qualifications and experience. Box o16, “ Elec. Engg.” 


ELECTRICAL ENGINEERING manufacturers in 
the Midlands require engineers with specialist knowledge 
of electronic control circuits and equipment, must have 
studied communication engineering to degree standard 
or equivalent. Also have sound general experience in 
electrical and mechanical engineering and ample 
practical experience in industrial electronic engineering. 
Age 28 to 35 preferred. Reply Box 993, “‘ Elec. Engg.” 


ELECTRONIC ENGINEER, degree standard, of 
some years experience for development of cathode ray 
tubes and modern transmitting valves. Write giving 
age, details of education and experience, together with 
salary required, to Box o14, “ Elec. Engg.” 


RADIO COMMUNICATION. Large light electrical 
engineering firm in Middlesex requires the services of a 
senior engineer to work on the development of new 
communication transmitters and receivers. The 
position calls for theoretical knowledge equivalent to 
an honours degree in electrical engineering and at least 
five years responsible design experience. Write, giving 
age, details of education and experience, together with 
salary required to Box 013, ‘‘ Elec. Engg.” 


ELECTRONIC ENGINEER required in N.W. Lon- 
don district to take charge of design and development 
of electronic equipment. Applicants should possess a 
degree and have had experience in this class of work. 
Knowledge of optics will be an advantage. Applica- 
tions, stating age, full particulars of experience and 
salary required, to Box No. 242, ‘c/o 7, Coptic Street, 
London, W.C.1. 


QUALIFIED ENGINEER, thoroughly conversant 
with high voltage, high vacuum technique, required 
by Newton and Wright, Ltd., 68, Ballards Lane, 
Finchley, N.3. 


A.M.LE.E., City and Guilds, etc.,on “NO PASS— 
NO FEE” terms. Over 95 per cent. successes. For 
full details of modern courses in all branches of 
Electrical Technology send for our 112-page handbook 
—FREE and post free. B.I.E.T. (Dept. 337B), 17, 
Stratford Place, London, W.1. 


REQUIRED—Test Engineer with knowledge of high 
power high frequency valve generators. Box 968, 
“ Elec. Engg.” 


CHEMIST (not under 30 years), Ph.D. standard with 
knowledge of radio for responsible position covering 
applied research and development on materials and 
components used in the light electrical industry. 
Location about 20 miles south of London. Applica- 
tions should be in full detail stating age, experience 
and salary required. The reference M.1.25 should be 
oo Box No. 222, L.P.E., 110, St. Martin’s Lane, 
A oo 


TECHNICAL ASSISTANT required by well-known 
company situated West London district for investiga- 
tion of improved processes in cathode ray tube manu- 
facture. Degree in chemistry or an equivalent 
qualification desirable. Industrial experience on 
similar work an asset. Applications, which should 
include full details of training, experience, age and 
salary expected, should be addressed to Box 031, 
“ Elec. Engg.” 


LABORATORY MECHANIC required by Research 
Laboratory in West London area, preferably with 
service experience equal to tele-mechanic (H.A.A.), 
Class 1 or 2. Please apply in writing to British 
Insulated Callender’s Cables, Ltd., 38, Wood Lane, 
Shepherds Bush, London, W.12, giving details of age, 
qualifications, experience and salary required. 


DEVELOPMENT RADIO Engineer Designer re- 
quired. Must be experienced in design connected with 
electronic sound equipment. Apply with fullest details 
of career to Personnel Manager, Miles Aircraft Ltd., 
Reading. 


METALLURGIST wanted, preferably with know- 
ledge of eddy-current heating, to take charge of 
application laboratory in factory S.W. London. Apply 
Box 030, “ Elec. Engg.” 
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ENGINEER required to control test gear section in 
factory manufacturing radio components. Degree or 
equivalent required. Previous experience essential. 
Knowledge and experience of mechanised testing 
desirable. Box 028, “ Elec. Engg.” 


A. C. COSSOR Ltd., radio and television manu- 
facturers, require radio research engineers with physics, 
engineering or mathematics degrees or equivalent 
technical experience in radio, television, acoustic or 
electronic instrument design. The vacancies are for 
experienced engineers only. Salaries £600-{900 p.a. 
according to qualifications. Also required, University 
graduates without commercial experience, who will 
receive an engineering training at commencing salaries 
of £400 p.a. Five-day week. Canteen on premises. 
Apply by letter to Staff Manager, A. C. Cossor Ltd., 
Research Laboratories, Highbury Grove, N.5. 


PHYSICISTS - required for research work in several 
categories, viz.: (1) thermionic emission and high 
vacuum i 9 (2) electronics; (3) electrical and 
magnetic instruments ; (4) industrial process control. 
Applicants should be not more than 25 years old. 
Experience in one of the above categories is advisable 
but not essential. Salary will be according to age and 
experience, and F.S.S.U. benefits will be available after 
a probationary period. The Association’s new labora- 
tories are located in S.E. London. Apply in writing to 
The Director and Secretary, British Scientific Instru- 
ment Research Association, 26, Russell Square, 
London, W.C.1. 


RADIO AND ELECTRONICS. Large light electri- 
cal engineering firm in Middlesex requires the services 
of a number of engineers to work on various develop- 
ment projects of expanding interest, ranging from 
radio communication to the development of vacuum 
devices and small high-speed machines. The senior 
posts require the equivalent of an honours degree and 
three years’ responsible design experience in industry 
or government technical establishments ; the remain- 
der, at least a degree and two years’ design experience. 
Write fully, stating age, qualifications, experience, 
special interests, etc., to Box 027, “ Elec. Engg.” 


SENIOR DESIGN DRAUGHTSMEN, with pro- 
duction experience .of commercial radio and small 
electro-mechanical apparatus, required by large com- 
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PHYSICIST ‘OR ENGINEER required, preferably 
with a good honours degree, with experience in research 
and development in telecommunications, for work on 
radio communication equipment. Apply by letter 
only, stating age, experience and qualifications, to the 
Director, Research Laboratories of the General Electric 


| Co, Ltd., N. Wembley, Middlesex. 


pany in East London area. Reply, stating details of | 
age, experience and salary required, to Box 025, | 
“ Elec. Engg.” 


RESEARCH ENGINEERS. Large engineering firm 


in London area requires development engineers and | 


draughtsmen for its research and development depart- 
ment. Previous experience in light electrical, mechan- 
ical or electronic engineering is essential. Write stating 
age, qualifications and experience to Box 035, ‘ Elec. 
Engg.” 


SENIOR AND JUNIOR Draughtsmen required for 

work on prototype equipment in connection with tele- 

vision transmitters. 

ence in light electrical engineering. 

only, stating age, qualifications and ——- to the 

Director, Research Laboratories of the 
o., Ltd., Wembley, Middlesex. 


GLASS WORKERS or Glass Blowers required with 
experience of hand or machine operations on glass 
tubing or similar work. Applicants. will be graded 
according to ability and will have the opportunity of 
training for the grade of skilled glass blower. Five-day 
week. Application may be made in writing or in 
person (Monday-Friday) to Works Personnel Officer 
(Ref. Aa), Mullard Radio Valve Co., Ltd., New Road, 
Mitcham Junction, Surrey. 


JUNIOR DRAUGHTSMEN, with radio or light 
electrical engineering experience, required by large 
company in East London. Reply, stating details of 
training, age and experience, to Box 026, “ Elec. 
Engg.” 


AN ENGINEER required in North-West Kent area, 
age 20-30, for work on television circuits. Applicant 
should hold degree in electrical engineering or physics, 
must have a sound knowledge of pulse technique and 
a good background of mathematics. Write, giving 
full details of experience, etc., to Box M.1830, A.K. 
Advg., 212a, Shaftesbury Avenue, W.C.z. 


YOUNG ENGINEER, with telecommunications 
training and capable of general circuit calculations, 
required as assistant development engineer in cable 
factory. B.Sc. or equivalent and mathematical ability 
essential. Age about 25, salary {400 approx. Apply 
Kent. Ref. 


Staff Officer, B.1.C.C. Ltd., Belvedere, 
SR/16. 


Seniors should have some experi- | 
Apply by letter | 


General Electric | 





CHIEF ELECTRICAL RADIO ENGINEER with 
creative ideas and initiative wanted to control radio 
research laboratory, drawing office and development 
shops, covering the design and development of radio 
receivers and allied apparatus. First-class opening for 
the right man. London area.. Write in confidence, 
giving technical qualifications, practical experience and 
terms required, to Box 023, ‘‘ Elec. Engg.” 


INSTRUMENT MAKERS required for prototype 
and development work. Good wages and conditions. 
Lodging accommodation can be arranged if required. 
Apply to Personnel Department, E.M.1. Factories Ltd., 
Blyth Road, Hayes, Middlesex. 


A FEW VACANCIES exist for senior electro- 
mechanical design draughtsmen on development work 
with West London organisation. Salaries up to {10 
per week gross to first-class men. Excellent prospects 
and interesting work. Apply in confidence, giving age, 
fullest details of experience, to Box 022, ‘‘ Elec. Engg.” 


RADIO VALVE ENGINEER required for process | 


development work in progressive factory producing all 
types of modern valves. Degree in physics and/or 
engineering. Factory experience essential. Post 
situated in southern England. Write, giving full 
details of experience and qualifications, to Box M.1810, 
A.K. Advg., 212a, Shaftesbury Avenue, W.C.2. 


LABORATORY TECHNICIAN — for Medical 
Research Council Unit in London. Age 20—30. Service 
electronic training preferred, excellent prospects. 
Box 041, “ Elec. Engg.” 


PHYSICIST or well qualified engineer required for 
specialised research work on properties or ceramics. 
Applicants should have sound knowledge of electronics 
and high frequency neasurements. Apply Box o4o, 
** Elec. Engg.” 


| FOREMEN REQUIRED for assembly line production 


of good class radio receivers. Applicants must have 
good knowledge of modern methods of production and 
have served in a similar capacity. South Birmingham 
area. Write stating age, experience and salary re- 
quired to Box 038, “ Elec. Engg.” 


FOREMEN REQUIRED with a thorough knowledge 
of radio component part production including coil 
winding. Applicants must be capable, possess good 
knowledge of modern production methods, and must 
have held a similar position. South Birmingham. area. 
Write stating age, experience and salary required to 
Box 039, “ Elec. Engg.” 


SITUATIONS WANTED 


RADIO ENGINEER (25), Assoc. Brit. I.R.E., ex- 
Naval radar officer, seeks responsible position requiring 
initiative, London area. Experience commercial radio 
production ; § years’ service radar and radio mainten- 
ance and installation. Box 024, “‘ Elec. Engg.” 


MANAGING DIRECTOR'S Assistant, or similar 
position where wartime radar experience would be of 
value, required by adaptable chartered accountant 
with experience of modern production methods. Age 
30. Four- figure salary required. Replies Box o29, 
“ Elec. Engg.” 


RADIO ENGINEER, 28, Assoc. Brit. I.R.E., 
requires responsible position in design or in charge. 
South England preferred. Box 032, “ Elec. Engg.” 


GLASS BLOWER seeks change. Ten years super- 
visory and research. Experienced all types glass to 
metal seals, diffusion pumps, lathe work, high-vacuum 
circuits, scientific glasswork in hard and soft glasses. 
Particulars to Box 033, “‘ Elec. Engg.” 


WANTED 


WE OFFER cash for good modern Communication 
and all-wave Receivers.—A.C.S. Radio, 44, Widmore 
Road, Bromley. 


QUANTITY graded potentiometers or variometers 
giving A.C. voltage output proportional to cosine of 
continuous shaft rotation. Box 034, “ Elec. Engg.” 
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HILL & CHURCHILL, 


Booksellers LTD. 
SWANAGE, DORSET 


. 
ENGLISH & AMERICAN 
BOOKS IN STOCK ON 


RADIO AND 
TELECOMMUNICATION 
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Catalogue on Application 














THE WORLD’S GREATEST BOOKSHOP 





<2 
°*# ®OR BOOK x 
New and second-hand Books on Engineering und all 
other subjects. 


We BUY Books, too. 
119-125, Charing Cross Road, London, W.C.2 
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WHERE HIGH PRECISION 
rs CALLS FOR 






Made in Three 
Principal Materials 


FREQUELEX 

An insulating material of Low Dielectric 
Loss, for Coil Formers, Aerial Insulators, 
Valve Holders, etc. 


PERMALEX 

A High Permittivity Material. For the 
construction of Condensers of the small- 
est possible dimensions. 


TEMPLEX 

A Condenser material of medium per- 
mittivity. For the construction of 
Condensers having a constant capacity 
at all temperatures. 





BULLERS Low Loss CERAMICS 





BULLERS LTD., 6, LAURENCE POUNTNEY HILL, LONDON, €&.C.4 


Telephone: Mansion House 9971! (3 lines) Telegrams: ‘‘ Buliers, Cannon, London”’ 
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Five & Ten Metre Converter 


AS DESCRIBED IN THE CONSTRUCTIONAL ARTICLE IN 
‘THE EDDYSTONE SHORT WAVE MANUAL 


NOW AVAILABLE FROM STOCK 
AS AN ASSEMBLED UNIT 
TESTED AND GUARANTEED BY WEBB’S 


A Frequency Converter that gives 
really efficient results on § and 10 Metres 





The converter can be used in conjunction with any good 
superhet or “ straight” receiver, and will improve the ten- 
USES VALVES TYPES: metre reception of even the finest communication receiver. On 
five metres, tests have shown results equal to specialised high- 
RF. .. .. EF54 frequency receivers. The three Mullard Valves were 
Mixer vs ..  EF50 developed during the war for H.F. work and have only 
Oscillator .. =... EC52 recently become commercially available. Service personnel 
Recommended I.F. .. nr 1.6 vt will recognise the EFs54 and ECs52 as specialised high- 
ieee frequency valves known previously as the RL7 and RL16— 
and this applies also to the EF5o0. 
No power pack is incorporated ; an external source of power 
is necessary, giving 6.3 volts 1 amp. and 200/250 volts 30 
milliamps. The main receiver will often provide this small 
additional power ; batteries or a separate pack can be utilised 
* if desired. Actual frequency coverage of converter is 51.4 to 
62.5 Mc/s. and 26.4 to 33.4 Mc/s. by plug-in coils. Simplicity 
of coil design makes other interesting H.F. ranges available 
by experiment. 
FIVE & TEN METRE CONVERTER UNIT 
Assembled and tested (less valves) .. Fi «+ 6% 20 © 


VALVES 
Types EC52, 18/3; EFs50, 21/4; EF54, 21/4 a 3; © 18 














£13 10 II 


Available from immediate stock. The inclusive price of £13 10s. 11d. 
includes a copy of the Eddystone Short Wave Manual with full 
operating details. 


14 SOHO ST., OXFORD ST., LONDON, W.I Phone; GERrard 2089 Note our shop hours; 9 a.m.—5.30 p.m. Sats. 9. a.m.-I pom. . 
(MIDLANDS CUSTOMERS can draw supplies from WEBB’S RADIO, 41 Carrs Lane, Birmingham) 
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